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Preface 


Along  with  Springer  International,  I  am  pleased  to  offer  you  our  new  text¬ 
book  entitled  Hyzy’s  Evidence-Based  Critical  Care  Medicine:  A  Case  Study 
Approach.  In  medicine,  “teachable  moments”  usually  occur  in  clinical  con¬ 
text,  where  the  engagement  in  a  real  case  exemplifies  principles  of  diagnosis 
or  therapy.  We  have  created  our  new  textbook  with  the  teaching  moment  in 
mind:  each  chapter  begins  with  a  real  case  gleaned  from  the  authors’  clinical 
experience.  In  order  to  replicate  the  teaching  dyad,  each  case  poses  a  question 
which  offers  the  reader  to  process  and  reflect  on  the  components  of  the  case 
before  offering  and  answer. 

While  medical  practice  attempts  to  be  evidence-based,  common  approaches 
to  diagnosis  and  management  incorporate  not  only  evidence  but  heuristics 
and  biases  which  await  either  validation  or  repudiation.  Hence,  we  have 
divided  the  discussion  section  of  each  chapter  into  two  segments:  the 
“Principles  of  Management”  section  and  the  “Evidence  Contour”  section.  In 
the  “Principles  of  Management”  section,  the  common  approach  to  the  care  of 
patients  having  a  given  condition  is  presented.  Here  you  will  find  the  nuts  and 
bolts  of  what  you  need  to  know  about  the  condition  and  the  usual  approach  to 
diagnosis  and  treatment.  Evidence-based  approaches  are  emphasized,  where 
appropriate.  However,  medical  knowledge  is  ever  evolving.  The  approach  to 
many  aspects  of  the  diagnosis  and  treatment  of  a  condition  remains  the  sub¬ 
ject  of  controversy.  In  the  “Evidence  Contour”  section,  each  author  discusses 
the  aspects  of  diagnosis  and  management  which  are  the  subject  of  ongoing 
debate  in  the  medical  literature.  In  the  way,  the  reader  will  appreciate  not  only 
what  appears  to  be  known  but  also  what  is  becoming  known  about  a  given 
topic. 

We  believe  the  approach  we  have  taken  with  this  textbook  successfully 
bridges  the  gulf  between  the  traditional  encyclopedic  sit-on-your-shelf  text¬ 
book  and  the  single-hit  online  reference,  each  of  which  lacks  the  contextual 
elements  of  effective  learning.  This  is  a  new  way  to  present  knowledge  in  a 
medical  textbook  and  should  help  critical  care  practitioners,  fellows,  resi¬ 
dents,  allied  health  professionals,  and  students  expand  their  critical  care 
knowledge  in  an  efficient  and  effective  manner.  This  approach  should  also 
benefit  those  preparing  for  board  examinations. 

I  would  like  to  thank  the  many  friends,  colleagues,  and  former  fellows 
whose  labors  went  to  create  this  book.  In  particular,  I  would  like  to  thank  my 
section  editors,  Drs.  Robert  Neumar,  David  Morrow,  Ben  Olenchock,  Romer 
Geocadin,  John  Kellum,  Jonathan  Fine,  Robyn  Scatena,  Lena  Napolitano, 
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and  Marie  Baldisseri.  Without  their  thoughtful  and  insightful  efforts,  this 
book  would  not  have  been  possible.  I  would  also  like  to  thank  my  editors  at 
Springer,  Connie  Walsh  and  Grant  Weston  for  their  vision  and  for  seeing  this 
work  through  to  fruition. 


Ann  Arbor,  MI,  USA 


Robert  C.  Hyzy,  MD 
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ER-  ICU  Shock  and  Resuscitation 


Robert  W.  Neumar 


Cardiac  Arrest  Management 


1 


Ronny  M.  Otero 


Introduction 

It  is  currently  estimated  that  over  300,000  out-of- 
hospital  cardiac  (OHCA)  arrests  occur  in  the 
United  States.  Over  half  of  OHCA  cases  are  man¬ 
aged  by  EMS  systems  [1].  The  national  average 
for  survival  from  an  OHCA  is  approximately 
12%  however;  there  is  considerable  variation  by 
region  and  EMS  system  [2,  3].  Factors  associated 
with  an  improved  survival  from  OHCA  include 
crew  witnessed  arrest  and  bystander  CPR  [4]. 
Survival  from  witnessed  VF  arrest  decreases  by 
8  %  for  every  minute  delay  in  CPR  and  defibrilla¬ 
tion  [5].  Overall  outcomes  correlate  with  early 
implementation  of  chest  compression.  There  is  a 
strong  suggestion  that  bystander  CPR  whether 
with  “chest  compression  only”  or  standard  CPR 
is  associated  with  better  mortality  and  neurologic 
outcomes  [6,  7]. 

Early  effective  chest  compressions  and  atten¬ 
tion  to  basic  life  support  components  are  part  of 
high  quality  CPR.  Various  organizations  have 
revisited  each  of  the  components  of  cardiac  arrest 
resuscitation  over  the  last  couple  of  years  and 
thus  the  elements  of  high-quality  CPR  are  “ever- 
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evolving”  [8].  Rapid  activation  of  the  “Chain  of 
Survival”  and  meticulous  attention  to  early  defi¬ 
brillation  and  chest  compressions  may  lead  to 
greater  overall  trends  in  survival. 

Case  Presentation 

A  68  year-old  male  was  playing  cards  at  a  casino 
when  suddenly  he  clutched  his  chest  and  became 
unresponsive.  Casino  security  arrived  within  less 
than  a  minute  and  applied  an  automated  external 
defibrillator  (AED).  AED  displayed  an  audio 
prompt  that  “no  shock  was  advised”.  Bystander 
cardiopulmonary  resuscitation  (CPR)  was  begun 
within  another  10  s.  Paramedics  arrived  and  pro¬ 
vided  two-rescuer  CPR  with  a  compression  rate 
of  110  compressions/minute.  In  the  ambulance 
rescuers  used  a  mechanical  compression  device 
to  administer  continuous  chest  compressions  at  a 
rate  of  110  and  depth  of  2.5  inches  with  manual 
ventilation  using  a  bag  mask  valve.  This  support 
was  continued  until  their  arrival  at  the  hospital  in 
approximately  9  min.  Patient  was  not  intubated 
in  the  field.  During  CPR  there  was  no  evidence  of 
an  organized  cardiac  rhythm.  Patient  had  received 
a  total  of  3  doses  of  epinephrine  totaling  3  mg  via 
humeral  intra-osseous  line.  Upon  arrival  in  the 
emergency  department  endotracheal  intubation 
was  performed  without  incident  and  capnogra- 
phy  displayed  a  good  waveform  with  an  ETC02 
of  15  mm  Hg.  On  arrival  emergency  physicians 
administered  another  dose  of  epinephrine  while 
continuing  CPR.  At  this  point  the  team  leader 
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paused  and  solicited  ideas  from  the  team  about 
possible  etiologies  for  persistent  pulseless  elec¬ 
trical  activity  (PEA). 

Question  What  are  methods  to  assess  the  qual¬ 
ity  of  chest  compressions  during  CPR? 

Answer  Capnography,  arterial  blood  pressure 
and  coronary  perfusion  pressure 

Components  of  high  quality  CPR  include 
minimizing  interruptions  of  chest  compressions 
with  a  chest  compression  fraction  of  >60%,  cor¬ 
rect  chest  compression  rate  and  depth. 
Recommended  chest  compression  rates  are 
greater  than  100  and  a  depth  of  50  mm  with 
allowance  for  chest  recoil  between  compression 
and  minimizing  ventilations  to  no  more  than 
10-12  breaths/minute  [9-12].  The  emphasis  of 
chest  compressions  over  positive  pressure  venti¬ 
lation  has  been  supported  by  studies,  which  have 
shown  a  mortality  benefit  of  compression  only 
CPR  in  witnessed  arrest  compared  with  tradi¬ 
tional  CPR  with  compressions  and  ventilation 
[13].  How  well  chest  compressions  are  meeting 
the  goal  of  providing  circulatory  flow  to  the  brain 
and  vital  systems  is  often  difficult  to  ascertain. 

Of  the  readily  available  parameters  capnogra¬ 
phy  and  arterial  blood  pressure  monitoring  are 
the  most  easily  applied  measurements  to  provide 
feedback  of  the  quality  of  chest  compressions. 
Close  attention  to  the  physiologic  response  to 
chest  compressions  is  desirable,  as  studies  indi¬ 
cate  that  even  healthcare  professionals  have  poor 
recall  and  variable  quality  when  performing  chest 
compressions  [14]. 

Capnography  has  long-been  seen  as  a  poten¬ 
tial  surrogate  for  blood  flow  through  heart  and 
the  pulmonary  circulation  [15].  As  the  technol¬ 
ogy  has  improved  so  has  the  portability. 
Capnography  can  now  be  measured  by  side- 
stream  technology  in  non-intubated  patients  and 
or  mainstream  capnography  in  intubated  patients. 
During  cardiopulmonary  resuscitation  the  goal  of 
high  quality  chest  compressions  is  to  achieve  an 
end-tidal  C02  of  20  mm  Hg  or  higher  and  to 
maintain  an  end- tidal  C02  greater  than  10  mm 
Hg  at  all  times  with  compressions.  A  rapid  rise  in 


end-tidal  C02  with  chest  compression  to  close  to 
35  mm  Hg  may  signal  return  of  spontaneous  cir¬ 
culation  (ROSC)  [15-17]. 

Achieving  a  higher  blood  pressure  during 
CPR  makes  intuitive  sense,  as  thoracic  compres¬ 
sion  and  thus,  cardiac  output  will  be  the  driving 
force  behind  improving  cerebral  and  systemic 
perfusion.  However,  the  hemodynamics  of  car¬ 
diac  arrest  is  complex  and  patient-specific  factors 
may  be  responsible  for  the  variable  responses  to 
chest  compressions,  vasopressors  and  ventila¬ 
tion.  One  of  the  main  determinants  of  successful 
resuscitation  is  the  coronary  perfusion  pressure 
(CPP),  which  is  the  difference  between  the  right 
atrial  pressure  (or  CVP)  and  aortic  pressure  dur¬ 
ing  diastole  (relaxation  phase  of  chest  compres¬ 
sion).  In  the  arrested  patient  there  is  a  delay  until 
there  is  a  complete  cessation  of  flow  through  the 
cardiac  chambers  and  by  1  min  there  is  no  flow  to 
the  coronary  arteries.  In  a  human  study  a 
CPP  <  15  mm  Hg  was  associated  with  not  achiev¬ 
ing  ROSC  [18].  In  animal  studies  it  has  been 
shown  that  higher  levels  of  CPP  are  required  to 
provide  cerebral  blood  flow  when  CPR  is  delayed 
[19].  Moreover,  in  studies  where  ROSC  was 
achieved  in  humans,  it  was  closely  tied  to  CPP 
and  aortic  diastolic  pressure  [20] .  CPR  guided  by 
blood  pressure  has  also  shown  improved  out¬ 
comes  [21].  In  the  observational  human  study 
evaluating  coronary  perfusion  pressure  as  the 
correlate  to  ROSC  a  mean  maximal  aortic  relax¬ 
ation  pressure  (aka  diastole)  was  35.2 ±11 .5,  thus 
the  diastolic  pressure  target  should  be  approxi¬ 
mately  40  mm  Hg  [18].  In  settings  where  a 
patient  is  instrumented  with  an  arterial  and  a  cen¬ 
tral  venous  line,  aortic  diastolic  pressure  and 
right  atrial  pressure  can  be  substituted  by  arterial 
diastolic  pressure  and  central  venous  pressure. 
The  difference  between  arterial  diastolic  pressure 
and  central  venous  pressure  may  provide  a  rough 
estimate  of  CPP  [22] .  When  the  ability  to  monitor 
CPP  is  unavailable  a  strategy  to  assess  the  effi¬ 
cacy  of  chest  compressions  may  depend  upon 
capnography  and  diastolic  pressure. 

Lastly,  emerging  technology,  which  provides 
instantaneous  feedback  about  the  quality  of  chest 
compressions  is  now  available.  This  CPR-sensing 
feedback  (FB)  system  often  utilizes  accelerome- 
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ters  to  detect  rate  and  depth  of  compressions 
while  delivering  audio  cues  to  the  rescuer. 
Currently  available  CPR-FB  systems  include  the 
Phillips  Q-CPR  ®,  Zoll  Real  CPR  Help  ®  and 
Physio-Control  compression  metronome  and 
Code  Stat  ®  [23].  It  is  not  known  at  this  time 
whether  utilizing  these  CPR-FB  systems 
improves  outcomes. 

Principles  of  Management 
Standard  Approach  to  Resuscitation 
Introduction 

Achieving  optimal  outcomes  from  cardiac  arrest 
requires  collaboration  between  several  disci¬ 
plines  including  pre-hospital  providers,  emer¬ 
gency  physicians,  cardiologists,  cardiac 
interventionalist  as  well  as  several  other  medical 
professionals  and  specialists.  All  providers  in  this 
paradigm  should  understand  each  other’s  role  as 
well  as  what  measures  can  be  expected  to  be 
offered  to  a  victim  of  sudden  cardiac  arrest. 

Recognition  of  Sudden  Cardiac  Arrest 

The  ability  of  laypersons  as  well  as  health  profes¬ 
sionals  to  detect  a  pulse  has  been  reported  to  be 
extremely  poor  [14,  24].  Additionally,  agonal 
breaths  may  be  seen  for  several  minutes  after  car¬ 
diac  arrest  confounding  the  confirmation  that  a 
patient  has  arrested.  Despite  these  limitations  it  is 
best  to  activate  emergency  response  system  as 
soon  as  a  patient  is  unresponsive  with  a  faint  or 
absent  pulse. 

Chest  Compressions 

After  a  pulse  check  of  no  more  than  10  s  chest 
compressions  should  be  initiated  at  once.  Health 
care  providers  should  re-double  their  efforts  to 
improve  their  knowledge  and  maintain  technical 
skills  relevant  to  chest  compressions.  Evidence 
for  maintaining  these  skills  may  be  gleaned  from 
a  multi-center  study  whereby  healthcare  provid¬ 
ers  often  performed  suboptimal  chest  compres¬ 
sion  rates.  Specifically,  the  mean  chest 
compression  rate  was  below  the  recommended 
rate  and  lowest  for  patients  without  ROSC 


(79  ±18)  compared  to  patients  with  ROSC 
(90 ±17)  [3]. 

Specific  goals  of  high  quality  CPR  include 
achieving  a  compression  rate  of  at  least  100-120 
compression/minute  and  a  compression  depth  of 
at  least  50  mm  (2  inches)  with  an  upper  limit  of 
60  mm  (2.4  inches)  [9].  Additionally,  high  quality 
chest  compressions  should  include  a  chest  com¬ 
pression  fraction  >60%,  meaning  when  CPR  is 
performed  chest  compressions  should  occupy  at 
least  60  %  of  the  resuscitation  [9].  Patient  position¬ 
ing,  vascular  or  intraosseous  access,  medication 
administration,  airway  establishment,  rhythm 
analysis  and  defibrillation  should  occupy  the 
remaining  fraction  of  time.  Maintaining  a  chest 
compression  rate  of  100-120  compressions/min¬ 
ute  can  lead  to  rescuer  fatigue.  Switching  com¬ 
pressors  every  2  min  may  minimize  rescuer  fatigue 
but  lead  to  frequent  interruptions  and  may  nega¬ 
tively  impact  chest  compression  fraction.  One  sug¬ 
gestion  to  decrease  this  “hands-off’  time  is  to  have 
rescuers  switch  from  opposite  sides  of  the  victim 
[25].  Between  compressions  there  should  be  time 
allowed  for  full  chest  recoil  in  order  for  heart  to 
refill  with  blood  and  maximizing  CPP. 

Adjuncts  to  CPR:  Oxygen 
and  Ventilation 

During  the  initial  rounds  of  chest  compressions 
rescuers  should  focus  on  the  quality  of  the  com¬ 
pressions  and  use  passive  oxygenation  with  the 
highest  concentration  of  oxygen  available  at  the 
time.  The  delivery  of  this  oxygen  is  dependent 
upon  the  systemic  perfusion  that  may  be  estab¬ 
lished  by  chest  compressions. 

Attempts  to  establish  a  definitive  airway 
should  be  postponed  unless  there  is  difficulty 
ventilating  a  patient  with  a  bag  valve  mask. 
Furthermore,  hyperventilation  should  be  avoided 
as  this  has  been  tied  to  reducing  cardiac  output 
[26,  27].  When  two  providers  are  resuscitating  a 
patient  ventilations  are  delivered  in  a  30:2 
compression-to-ventilation  ratio  until  a  definitive 
airway  has  been  established  [28].  Using  a  1  L  bag 
mask  device  a  second  provider  should  provide 
approximately  600  cc  of  tidal  volume  over  1  s. 
This  should  be  performed  a  total  of  two  times 
after  every  30  compressions.  With  an  advanced 
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airway  in  place  rescuers  may  provide  a  breath 
every  6  s  while  chest  compressions  are  performed 
continuously. 

Defibrillation 

Defibrillation  is  indicated  for  ventricular  fibrilla¬ 
tion  or  pulseless  ventricular  tachycardia. 
Although  traditionally  monophasic  defibrillators 
have  been  used  to  administer  a  counter  shock, 
biphasic  defibrillators  are  preferred  due  to  the 
greater  first  shock  success.  Newer  waveforms 
have  been  studied  which  provide  patient- specific 
impedance  current  delivery  using  biphasic  trun¬ 
cated  exponential,  rectilinear  biphasic  or  pulsed 
biphasic  wave.  At  this  time  there  is  no  specific 
recommendation  regarding  which  waveform  is 
superior.  Current  recommendations  are  to  admin¬ 
ister  a  single  counter  shock  at  an  optimal  energy 
level  (between  120  and  360  J  for  biphasic  defi¬ 
brillators)  with  minimal  interruptions  in  CPR 
before  and  after  the  shock  [28].  In  situations 
requiring  repeated  defibrillations  use  manufac¬ 
turers’  guidelines  or  consider  escalating  energy. 
For  refractory  VF  and  pulseless  VT,  administra¬ 
tion  of  epinephrine  and  an  anti-dysrhythmic 
agent  should  be  instituted. 

Search  for  Precipitating  Cause 
of  Cardiac  Arrest 

Ventricular  Dysrhythmias 

Survival  to  discharge  for  patients  with  an  initial 
rhythm  of  VT  or  VF  is  between  15  and  23  %  for 
out-of-hospital  cardiac  arrest  and  up  to  37  %  for 
patients  with  an  in-hospital  cardiac  arrest  [29, 
30].  Resuscitation  team  leaders  must  simultane¬ 
ously  look  for  reversible  etiologies  while  admin¬ 
istering  time- sensitive  interventions.  Ventricular 
fibrillation  is  usually  found  in  patients  with 
abnormal  myocardial  perfusion  from  a  prior 
infarct  or  ongoing  ischemia.  Similarly  ventricular 
tachycardia  usually  results  from  foci  below  the 
AV  node  which  progresses  into  a  wide  and  regu¬ 
lar  tachycardia.  When  confronted  with  these 
malignant  ventricular  dysrhythmias  diagnostic 
considerations  include  medication  toxicity,  pre¬ 
existing  channelopathy  (Brugada  syndrome)  or 


an  electrolyte  abnormality.  If  medication  toxicity 
and  electrolyte  abnormalities  are  ruled  out  persis¬ 
tence  of  these  dysrhythmias  should  prompt 
search  for  myocardial  ischemia. 

Different  forms  of  ventricular  tachycardia 
exist  including:  monomorphic  VT,  polymorphic 
VT,  torsade  de  pointes,  right  ventricular  outflow 
tachycardia  (idiopathic  and  arrhythmogenic  right 
ventricular  dysplasia),  fascicular  tachycardia, 
bidirectional  VT  and  ventricular  flutter. 
Monomorphic  VT  accounts  for  the  majority  of 
VT  encountered.  Most  cases  of  monomorphic 
VT  are  associated  with  myocardial  ischemia. 
Torsade  de  pointe  is  a  specific  form  of  polymor¬ 
phic  VT  where  there  is  progressive  widening  of 
the  QT  interval.  Although  most  forms  of  VT  are 
associated  with  myocardial  ischemia  there  are 
forms  of  idiopathic  VT.  Of  the  idiopathic  forms 
of  VT,  most  cases  are  due  to  abnormalities  in  the 
outflow  tract  of  the  right  ventricle.  A  small  num¬ 
ber  of  these  have  an  anatomically  identified  focus 
termed  “arrhythmogenic  right  ventricular  dyspla¬ 
sia”.  Ventricular  flutter  is  an  extreme  form  of  VT 
that  has  a  sinusoidal  appearance  and  may  degrade 
into  ventricular  fibrillation.  Ventricular  flutter 
usually  has  a  rate  >200  beats/min.  Thus  when 
confronted  with  a  patient  with  refractory  ventric¬ 
ular  dysrhythmias  providers  should  strongly  con¬ 
sider  consulting  a  cardiology  specialist  to 
evaluate  patient  for  the  possibility  of  a  diagnostic 
and  percutaneous  intervention. 

Pulseless  Electrical  Activity  (PEA) 

Patients  with  PEA  have  a  survival  to  discharge  of 
2.77%  for  patients  with  out-of-hospital  cardiac 
arrest  as  compared  to  patient  in  an  in-hospital  car¬ 
diac  arrest  of  only  12%  [30,  31].  PEA  is  defined 
as  the  absence  of  a  pulse  when  electrical  cardiac 
activity  is  present.  This  is  further  classified  as 
“true”  PEA,  which  is  when  there  is  no  pulse,  the 
presence  of  an  electrical  signal  but  no  evidence  of 
cardiac  activity  usually  detected  by  echocardiog¬ 
raphy.  “Pseudo-PEA”  is  defined  as  the  absence  of 
a  pulse,  presence  of  an  electrical  signal  and  car¬ 
diac  activity  observed  by  echocardiography. 

It  is  important  to  make  these  distinctions,  as 
there  is  pathophysiologic  and  prognostic  signifi¬ 
cance.  True  PEA  is  when  electromechanical  uncou- 
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pling  of  cardiac  cells  which  propagate  an  electrical 
signal  but  the  myocytes  are  unable  to  coordinate 
ventricular  contraction.  This  situation  is  usually 
seen  in  severe  hypoxia,  acidosis  or  necrosis. 

In  pseudo-PEA,  there  is  an  electrical  signal 
and  weak  cardiac  contractions  due  to  conditions 
such  as  hypovolemia,  massive  pulmonary  embo¬ 
lism  or  other  mechanical  impediments  to  flow.  In 
these  situations  the  predominant  rhythm  is  a 
tachydysrhythmia. 

A  mnemonic,  which  has  been  modified  over 
the  years  to  remind  providers  of  the  common  pre- 
cipitants  of  PEA,  is  “4Hs-4Ts”.  This  mnemonic 
represents  -  hypoxia,  hypovolemia,  hypo/hyper¬ 
kalemia  and  hypothermia  as  well  as  thrombosis 
(pulmonary  emboli),  tamponade  (cardiac),  toxins 
and  tension  pneumothorax  [32]. 

Point  of  care  ultrasound  whenever  possible 
should  be  used  to  assist  clinicians  to  investigate 
many  of  the  above-mentioned  etiologies.  For 
instance,  a  subcostal  view  on  ultrasound  may  reveal 
a  large  pericardial  effusion  with  diastolic  collapse 
of  right  ventricle  representing  cardiac  tamponade 
(Video  1.1).  A  parasternal  short  axis  view  may 
demonstrate  bowing  of  the  intra-ventricular  sep¬ 
tum,  the  so  called  “D-sign”  appearance  of  the  left 
ventricle  being  compressed  by  a  volume-over¬ 
loaded  right  ventricle  contracting  against  a  massive 
pulmonary  embolism  (Video  1.2). 

Littman  et  al.  proposes  a  diagnostic  guide  to 
evaluate  causes  of  PEA  which  includes  evaluat¬ 
ing  the  width  of  the  QRS  complexes  on  EKG  as 
well  as  combining  sonographic  findings  to  sug¬ 
gest  whether  a  mechanical,  ischemic  or  meta¬ 
bolic  cause  are  to  blame  [33].  There  is  no 
randomized  study  to  support  ultrasound-guided 
resuscitations  over  resuscitations  without  ultra¬ 
sound  but  a  recent  study  has  suggested  a  trend 
that  when  modifications  in  traditional  approaches 
employ  ultrasound  there  may  be  a  higher  rate  of 
ROSC  to  hospital  admission  [34]. 

Quality  Assurance 

Every  cardiac  arrest  should  have  some  method  to 
monitor  the  quality  of  the  resuscitation.  The  abil¬ 
ity  of  rescuers  to  retain  critical  resuscitation  skills 


wanes  after  6  months  thus  implementing  simu¬ 
lated  resuscitations  may  be  useful  in  retaining 
skills  [35].  Short  debriefing  sessions  after  per¬ 
forming  a  cardiac  resuscitation  have  been  shown 
to  improve  team  performance  and  outcomes  [36]. 


Evidence  Contour 

Are  Outcomes  with  Mechanical 
Compressions  Superior  to  Manual 
Compressions  During  Active  CPR? 

Based  upon  currently  available  data  mechanical 
compressions  do  not  appear  to  be  superior  to 
manual  compressions  in  terms  of  outcomes. 
Manual  compressions  are  the  most  readily  appli¬ 
cable  and  commonly  taught  method  of  providing 
chest  compressions.  Despite  this  many  pre¬ 
hospital  and  hospital  systems  have  chosen  to  use 
mechanical  compression  devices  to  administer 
chest  compression  for  various  logistical  reasons. 

Over  the  last  40  years  various  technologies 
have  emerged  to  provide  high  quality  and  con¬ 
sistency  of  chest  compressions.  These  technolo¬ 
gies  are  based  upon  one  of  two  predominant 
theories  of  how  chest  compressions  promote  for¬ 
ward  flow  of  blood  into  the  thoracic  aorta  and 
systemic  circulation.  The  so-called  “cardiac 
pump”  theory  expounds  that  external  chest  com¬ 
pressions  places  pressure  simultaneously  on  the 
right  and  left  ventricle.  During  the  active  com¬ 
pression  phase  a  pressure  gradient  pushes  blood 
out  of  ventricles,  while  closing  the  atrio- ventric¬ 
ular  valves  and  then  to  the  pulmonary  artery  and 
the  aorta.  During  the  decompression  phase  blood 
re-enters  the  right  and  left  atrium  and  feeds  coro¬ 
nary  arteries  [37]. 

The  “thoracic  pump”  theory  relies  upon  the 
compliance  of  the  whole  thorax  as  the  main  pres¬ 
sure  determinant  of  flow  and  not  on  compression 
of  the  heart.  During  compressions  in  the  “tho¬ 
racic  pump”  theory  intra- thoracic  pressure  is 
increased  driving  blood  into  the  thoracic,  extra- 
thoracic  aorta  and  other  large  arteries  preferen¬ 
tially.  This  compression  however  does  not  seem 
to  affect  the  venous  system  as  much  due  to  valves 
and  the  vast  network  of  venous  plexuses.  During 
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Fig.  1.1  Thumper  ™  piston  driven  chest  compression 
device  (Courtesy  of  Michigan  Instruments,  Inc.) 

the  decompression  phase  intra- thoracic  pressure 
falls  below  the  extra- thoracic  pressure  and  blood 
flows  to  the  lungs. 

Mechanical  compression  devices  became 
available  for  research  and  clinical  applications 
during  the  1970s  with  the  Thumper  ®  created  by 
Michigan  Instrument  which  utilized  a  hydrauli¬ 
cally  powered  piston  to  provide  chest  compres¬ 
sions  similar  to  the  “cardiac  pump  theory” 
(Fig.  1.1).  Newer  devices  emerged  including  the 
Lund  University  Cardiac  Arrest  System  (aka. 
LUCAS  1  and  2  ®)  by  Physio  Control  and  the 
Auto  Pulse  ®  by  Zoll  employ  different  mecha¬ 
nisms  to  enhance  chest  compressions  namely 
through  an  active  compression  and  decompres¬ 
sion  mode.  The  LUCAS  ®  device  is  predomi¬ 
nantly  a  piston-driven  device  with  a  suction  area 
which  makes  contact  with  the  chest  (Fig.  1.2). 
The  Auto  Pulse  ®  utilizing  a  load-distributing 
band  which  wraps  around  the  torso  and  squeezes 
to  increase  intra-thoracic  pressure  (Fig.  1.3). 

Despite  various  studies  utilizing  transthoracic 
and  trans  esophageal  dopplers  to  investigate  the 
hemodynamics  during  chest  compressions  there 
is  no  consistent  data  to  support  either  the  “cardiac 
pump  or  “thoracic  pump”  as  the  main  mechanism 
of  flow  during  CPR  [19,  38].  It  is  possible  that 


Fig.  1.2  LUCAS™  Chest  compression  device  (Used 
with  permission  of  Physio-Control,  Inc.) 


Fig.  1.3  Auto  Pulse  ™  Load  distributing  chest  compres¬ 
sion  device  (Courtesy  of  ZOLL  Medical  Corporation) 


there  are  elements  of  both  pump  models  active 
during  CPR. 

Advocates  of  mechanical  compressions  sup¬ 
port  its  consistency  of  depth  and  compression 
rate.  Mechanical  compressions  can  maximize 
“hands  on”  time  compared  to  manual  compres¬ 
sions  due  to  the  fact  that  there  is  no  need  to  switch 
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rescuers  or  halt  compressions  when  performing 
defibrillation.  Despite  these  theoretical  advan¬ 
tages  a  study  completed  in  2014  did  not  show  a 
mortality  benefit  of  mechanical  CPR  over  manual 
compressions  [39].  This  study,  which  used  the 
LUCAS  device  showed  no  difference  in  survival 
or  neurologic  outcome.  The  added  cost  of  these 
devices  and  their  upkeep  may  prohibit  wide¬ 
spread  use  however  providers  point  to  the  advan¬ 
tage  of  reducing  rescuer  fatigue  and  diminishing 
risk  to  rescuers  during  transport  while  CPR  is  in 
progress  [40,  41]. 

What  Physiologic  Parameters  Can 
Guide  the  Administration 
of  Vasoactive  Medications 
and  Provide  Feedback 
Regarding  Quality  of  CPR? 

Hemodynamic  Directed  Resuscitation 

Hemodynamic  directed  resuscitation  (or  patient¬ 
centric  cardiopulmonary  resuscitation)  is  a  con¬ 
cept  whereby  the  decision  to  administer  a 
pharmacologic  agents  such  as  epinephrine  is 
guided  by  hemodynamic  variables.  This  concept 
may  have  developed  due  to  various  studies  indi¬ 
cating  that  epinephrine  may  have  several  delete¬ 
rious  effects  on  the  heart  [42] .  A  strategy  whereby 
resuscitation  is  guided  by  hemodynamic  param¬ 
eters  rather  than  protocolized  and  repetitive 
administration  of  epinephrine  may  potentially 
minimize  inadvertent  epinephrine  toxicity  [42]. 

Ever  since  the  seminal  studies  by  Ewy  and 
Paradis  which  tied  successful  resuscitation  to 
coronary  perfusion  pressure  (CPP)  there  has 
been  a  resurgence  of  interest  in  evaluating  CPP 
or  a  “surrogate  of  CPP”  during  CPR  [18,  43].  In 
an  animal  study  which  compared  CPR  guided  by 
CPP  vs.  chest  compressions  at  33  mm  depth  plus 
standard  dose  epinephrine  vs.  chest  compres¬ 
sions  at  51  mm  depth  plus  standard  dose  epi¬ 
nephrine  the  largest  improvement  in  cerebral 
perfusion  pressure  was  found  in  the  group  that 
was  guided  by  CPP  [44].  In  another  similar 
study,  CPR  guided  by  systolic  blood  pressure 
was  associated  with  the  highest  24-h  survival 
compared  to  conventional  guideline  care  [21]. 


Despite  controversy  surrounding  the  use  of  cen¬ 
tral  venous  oxygen  saturation  (Scv02)  in  the 
management  of  sepsis  its  application  may  be 
used  as  an  estimate  of  tissue  perfusion.  Scv02 
represents  the  residual  oxygen  content  returning 
to  the  right  side  of  the  heart  after  systemic  perfu¬ 
sion.  Studies  have  shown  that  persistently  low 
Scv02  correlates  with  decrease  cardiac  output.  If 
available,  chest  compressions  may  be  titrated  to  a 
Scv02  concentration  greater  than  30%  [45,  46]. 

Whether  hemodynamic  directed  resuscitation 
leads  to  better  outcomes  in  humans  remains 
unknown  but  if  efforts  to  improve  the  rate  of 
bystander  CPR  and  high  quality  chest  compres¬ 
sions  are  successful  there  may  be  less  depen¬ 
dence  upon  the  pharmacologic  treatment  to 
achieve  ROSC. 
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Introduction 

This  chapter  will  review  the  elements  of  cardiac 
arrest  resuscitation  that  begin  after  return  of 
spontaneous  circulation  (ROSC).  In-hospital 
mortality  of  patients  who  achieve  ROSC  long 
enough  to  be  admitted  to  an  ICU  averages  60  % 
with  wide  inter-institutional  variability  (40- 
80%)  [1].  The  pathophysiology  of  post-cardiac 
arrest  syndrome  (PCAS)  is  composed  of  four 
major  components:  post-cardiac  arrest  brain 
injury,  post-cardiac  arrest  myocardial  dysfunc¬ 
tion,  systemic  ischemia/reperfusion  response, 
and  persistent  precipitating  pathology  [2].  It  is 
important  to  recognize  that  each  component  is 
potentially  reversible  and  responsive  to  therapy. 
A  comprehensive  multidisciplinary  management 
strategy  that  addresses  all  components  of  post¬ 
cardiac  arrest  syndrome  is  needed  to  optimize 
patient  outcomes  [3].  In  addition,  a  reliable 
strategy  to  prognosticate  neurologic  outcome  in 
persistently  comatose  patients  is  essential  to  pre¬ 
vent  premature  limitation  of  care  and  make  pos¬ 
sible  appropriate  stewardship  of  patient  care 
resources  [3]. 
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Case  Presentation 

A  68-year  old  male  was  mowing  his  lawn,  com¬ 
plained  to  his  wife  that  he  was  having  chest  pain 
and  then  collapsed.  She  called  “911”  and  when 
first  responder  EMTs  arrived  5  min  later,  they 
found  him  to  be  unresponsive,  not  breathing  and 
without  a  pulse.  EMTs  initiated  cardiopulmonary 
resuscitation  (CPR)  and  an  automated  external 
defibrillator  (AED)  was  applied  to  the  patient. 
The  initial  rhythm  analysis  advised  a  “shock”, 
and  a  shock  was  delivered.  After  two  additional 
minutes  of  CPR  the  paramedics  arrived  and 
found  the  patient  to  have  a  palpable  pulse,  a  sys¬ 
tolic  blood  pressure  of  70  mmHg,  a  narrow  com¬ 
plex  sinus  tachycardia  at  a  rate  of  110  on  the 
monitor,  and  agonal  respirations.  Prior  to  trans¬ 
port,  a  supraglottic  airway  was  placed,  bag-valve 
ventilation  was  performed  using  100%  oxygen, 
an  intravenous  line  was  placed  and  1-L  normal 
saline  bolus  was  initiated.  Time  from  911  call  to 
return  of  spontaneous  circulation  (ROSC)  was 
9  min. 

On  arrival  to  the  local  hospital,  the  patient 
became  pulseless  again  and  the  monitor  revealed 
a  rhythm  of  ventricular  fibrillation.  The  patient 
was  defibrillated  with  a  biphasic  defibrillator  set 
at  200  J.  Patient  achieved  return  of  spontaneous 
circulation  (ROSC)  with  narrow  complex 
tachycardia  at  a  rate  of  120  and  a  blood  pressure 
of  75/40.  The  patient  was  given  500  cc  IV  crystal¬ 
loid  bolus  and  epinephrine  infusion  was  initiated 
at  titrated  to  MAP  >65  mmHg.  A  femoral  arterial 
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line  and  an  internal  jugular  central  venous  line 
were  placed.  Endotracheal  intubation  was  per¬ 
formed  and  placement  confirmed  with  waveform 
capnography  and  the  PetC02  was  40  mmHg.  The 
patient  had  no  eye  opening  or  motor  response  to 
painful  stimuli  and  pupils  were  fixed  and  dilated. 
Arterial  blood  gas  demonstrated  the  following: 
pH=7.18  PC02  =  39  HC03-=16  PaO2=340, 
SpO2=100%,  Lactate=4.0.  Fi02  was  decreased 
to  achieve  Sp02  94-96%.  A  temperature  sensing 
bladder  catheter  was  placed  and  read  36.0  °C.  A 
12  lead  ECG  was  immediately  obtained  (Fig.  2.1). 

Question  What  interventions  should  be  per¬ 
formed  next? 

Answer  Immediate  coronary  angiography  with 
percutaneous  coronary  intervention  (PCI)  and 
hypothermic  targeted  temperature  management. 

Twelve-lead  ECG  reveals  an  acute  anterosep- 
tal  ST- segment  elevation  myocardial  infarction 
(STEMI).  The  patient’s  history  of  chest  pain  and 
recurrent  episodes  of  VF  support  acute  coronary 
syndrome  (ACS)  as  the  cause  of  cardiac  arrest. 
Cardiology  was  consulted  and  patient  was  taken 
immediately  to  the  coronary  catheterization  lab. 
Coronary  angiography  revealed  left  anterior 
descending  artery  occlusion  that  was  success¬ 
fully  treated  with  balloon  angioplasty  and  stent 
placement  (Fig.  2.2). 


An  intravascular  cooling  catheter  placed  in 
coronary  angiography  laboratory  and  target  tem¬ 
perature  was  set  at  33  °C.  Patient  was  admitted  to 
the  cardiac  ICU  and  hypothermic  targeted  tem¬ 
perature  management  was  maintained  for  24  h 
followed  by  rewarming  to  37  °C  over  16  h 
(0.25  °C/h).  Sedation  included  propofol  and  fen- 
tanyl  infusion.  Continuous  EEG  revealed  a  reac¬ 
tive  baseline  with  intermittent  seizure  activity 
after  rewarming  that  was  treated  with  IV  loraze- 
pam  and  valproic  acid.  Seventy-two  hours  after 
rewarming  neurologic  exam  revealed  reactive 
pupil  and  positive  cornea  reflex,  with  withdrawal 
from  painful  stimuli.  Patient  began  following 
commands  96  h  after  rewarming  and  was  extu- 
bated  on  the  6th  admission  day.  He  was  dis¬ 
charged  to  short-term  rehabilitation  on  the  ninth 
day  with  neurologic  deficits  limited  to  mild  short¬ 
term  memory  deficit. 

Principles  of  Management 

Overview  of  Post-cardiac  Arrest 
Syndrome 

Post  cardiac  arrest  syndrome  is  a  unique  patho¬ 
logic  state  where  varying  degrees  of  post-arrest 
brain  injury,  myocardial  dysfunction,  systemic 
ischemia  and  reperfusion  response,  and  persis¬ 
tent  precipitating  pathology  are  observed  [2] .  The 
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Fig.  2.1  Twelve  lead  ECG  performed  post-ROSC 
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Fig.  2.2  (a)  This  is  an  image  of  a  left  anterior  descending  artery  prior  to  angioplasty,  (b)  Left  anterior  descending 
artery  (close  up)  after  successful  PCI  with  angioplasty  indicated  by  increased  flow  below  arrow 


severity  of  these  manifestations  will  vary  in  each 
patient.  When  ROSC  is  achieved  rapidly  PC  AS 
can  be  limited  or  even  absent  while  prolonged 
cardiac  arrest  can  result  in  PCAS  that  is  refrac¬ 
tory  to  all  interventions.  Between  these  two 
extremes,  each  component  of  PCAS  when  pres¬ 
ent  is  potentially  treatable  and  reversible.  Some 
post-cardiac  arrest  interventions,  such  as 
hypothermic-targeted  temperature  management, 
appear  to  have  a  favorable  impact  on  multiple 
components  of  PCAS  while  more  focused  inter¬ 
ventions  such  at  early  PCI  specifically  address 
the  precipitating  pathology.  A  comprehensive 
multidisciplinary  approach  that  addresses  all 
PCAS  components  in  the  appropriate  timeframe 
is  the  best  strategy  to  optimize  outcomes. 

Post  Cardiac  Arrest  Brain  Injury 

Post-cardiac  arrest  brain  injury  is  a  common 
cause  of  morbidity  and  mortality.  One  study 
reported  that  brain  damage  was  the  cause  of  death 
in  68  %  of  patients  that  died  after  ICU  admission 
following  out-of  hospital  cardiac  arrest  and  in 
23  %  of  patient  that  died  after  ICU  admission  fol¬ 
lowing  in-hospital  cardiac  arrest  [4].  The  unique 
vulnerability  of  the  brain  is  attributed  to  its  lim¬ 
ited  tolerance  of  ischemia  as  well  as  unique 
response  to  reperfusion.  The  most  vulnerable 


regions  of  the  brain  include  the  hippocampus, 
cerebellum,  caudoputamen,  and  cortex.  The 
mechanisms  of  brain  damage  triggered  by  car¬ 
diac  arrest  and  resuscitation  are  complex,  and 
many  pathways  are  executed  over  hours  to  days 
following  ROSC.  The  relatively  protracted  time 
course  of  injury  cascades  and  histological 
changes  suggests  a  broad  therapeutic  window  for 
neuroprotective  strategies  following  cardiac 
arrest.  Early  clinical  manifestations  include 
coma,  seizures,  myoclonus  and  late  manifesta¬ 
tions  ranging  from  mild  short-term  memory  defi¬ 
cits  to  persistent  vegetative  state  and  brain  death. 

Post-cardiac  Arrest  Myocardial 
Dysfunction 

Post-cardiac  arrest  myocardial  dysfunction  is  a 
significant  cause  of  morbidity  and  mortality  after 
both  in-  and  out-of-hospital  cardiac  arrest  [4-6]. 
Myocardial  dysfunction  is  manifest  by  tachycar¬ 
dia,  elevated  left  ventricular  end-diastolic  pres¬ 
sure,  decreased  ejection  fraction,  reduced  cardiac 
output  and  hypotension.  Cardiac  output  tends  to 
improve  by  24  h  and  can  return  to  near  normal  by 
72  h  in  survivors  in  the  absence  of  other  pathol¬ 
ogy  [6] .  The  responsiveness  of  post-cardiac  arrest 
global  myocardial  dysfunction  to  inotropic  drugs 
is  well  documented  in  animal  studies  [7,  8].  If 
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acute  coronary  syndrome  or  decompensated  con¬ 
gestive  heart  failure  were  the  precipitating  pathol¬ 
ogy  that  caused  cardiac  arrest,  the  management 
of  post-cardiac  arrest  myocardial  dysfunction 
becomes  more  complex. 

Systemic  Ischemia/Reperfusion 
Response 

The  whole  body  ischemia/reperfusion  of  cardiac 
arrest  with  associated  oxygen  debt  causes  gener¬ 
alized  activation  of  immunological  and  coagula¬ 
tion  pathways  increasing  the  risk  of  multiple 
organ  failure  and  infection  [9,  10].  This  condition 
has  many  features  in  common  with  sepsis  [11- 
14].  In  addition,  activation  of  blood  coagulation 
without  adequate  activation  of  endogenous  fibri¬ 
nolysis  may  also  contribute  to  microcirculatory 
reperfusion  disorders  after  cardiac  arrest  [15, 16]. 
Finally,  the  stress  of  total  body  ischemia/reperfu¬ 
sion  appears  to  adversely  affect  adrenal  function 
[17,  18].  However,  the  relationship  of  adrenal 
dysfunction  to  outcome  remains  controversial. 
Clinical  manifestations  of  systemic  ischemic- 
reperfusion  response  include  intravascular  vol¬ 
ume  depletion,  impaired  vasoregulation,  impaired 
oxygen  delivery  and  utilization,  as  well  as 
increased  susceptibility  to  infection. 

Persistent  Precipitating  Pathology 

Post-cardiac  arrest  syndrome  is  commonly  asso¬ 
ciated  with  persisting  acute  pathology  that  caused 
or  contributed  to  the  cardiac  arrest  itself.  The 
diagnosis  and  treatment  of  acute  coronary  syn¬ 
drome,  pulmonary  diseases,  hemorrhage,  sepsis, 
and  various  toxidromes  is  often  complicated  in 
the  setting  of  post-cardiac  arrest  syndrome. 
However,  early  identification  and  effective  thera¬ 
peutic  intervention  is  essential  if  optimal  out¬ 
comes  are  to  be  achieved. 

Hemodynamic  Optimization 

Post-cardiac  arrest  patients  typically  exhibit  a 
mixed  cardiogenic,  distributive,  and  hypovole¬ 
mic  state  of  shock.  In  addition,  persistence  of  the 
pathology  that  caused  the  cardiac  arrest  can  cause 
a  refractory  shock  state  unless  definitively 


treated.  Early  hemodynamic  optimization  is 
essential  to  prevent  re-arrest,  secondary  brain 
injury  and  multi-organ  failure.  A  goal-directed 
approach  using  physiologic  parameters  to  achieve 
adequate  oxygen  delivery  has  been  associated 
with  improved  outcomes  [19,  20].  This  involves 
optimizing  preload,  arterial  oxygen  content, 
afterload,  ventricular  contractility,  and  systemic 
oxygen  utilization.  Appropriate  monitoring 
includes  continuous  intra-arterial  pressure  moni¬ 
toring,  arterial  and  central  venous  blood  gases, 
urine  output,  lactate  clearance,  and  bedside  echo¬ 
cardiography.  When  feasible,  diagnostic  studies 
to  rule  out  treatable  persistent  precipitating 
pathology  should  be  performed,  and  treatment 
initiated  while  resuscitation  is  ongoing. 

The  optimal  MAP  for  post-cardiac  arrest 
patients  has  not  been  defined  by  prospective  clin¬ 
ical  trials,  and  should  be  individualize  for  each 
patient.  Cerebrovascular  auto  regulation  can  be 
disrupted  or  right-shifted  in  post-cardiac  arrest 
patients  suggesting  a  higher  cerebral  perfusion 
pressure  is  needed  to  provide  adequate  brain 
blood  flow  [21].  In  contrast,  ongoing  ACS  and 
congestive  heart  failure  can  be  exacerbated  by 
targeting  a  MAP  higher  than  what  is  needed  to 
maintain  adequate  myocardial  perfusion.  Higher 
systolic  and  mean  arterial  pressures  during  the 
first  24  h  after  ROSC  are  associated  with  better 
outcomes  in  descriptive  studies  [22-24] .  In  terms 
of  goal-directed  strategies,  good  outcomes  have 
been  achieved  in  published  studies  where  the 
MAP  target  range  was  low  as  65-75  mmHg  [20] 
to  as  high  as  90-100  mm  [25,  26]  for  patients 
admitted  after  out-of-hospital  cardiac  arrest. 

For  patients  with  evidence  of  inadequate  oxy¬ 
gen  delivery  or  hypotension,  preload  optimiza¬ 
tion  is  the  first  line  intervention.  Preload 
optimization  is  typically  achieved  using  IV  crys¬ 
talloid  boluses  guided  by  non-invasive  bedside 
assessment  of  volume  responsiveness.  Patients 
treated  with  a  goal-directed  volume  resuscitation 
strategy  following  out-of-hospital  cardiac  arrest 
typically  have  positive  fluid  balance  of  2-3  in  the 
first  6  h  and  4-6  L  positive  fluid  balance  in  the 
first  24  h  [19,  20]. 

Vasopressor  and  inotrope  infusions  should  be 
initiated  early  in  severe  shock  states  and  when 
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there  is  an  inadequate  response  to  preload  opti¬ 
mization.  No  agent  or  combination  of  agents  has 
been  demonstrated  to  be  superior  or  improve  out¬ 
comes.  A  reasonable  approach  is  norepinephrine 
as  the  first  line  vasopressor  supplemented  by 
dobutamine  for  inotropic  support  guided  by  bed¬ 
side  echocardiography. 

When  shock  is  refractory  to  preload  optimiza¬ 
tion,  vasopressors,  and  inotropes  it  is  critical  to 
identify  and  treat  any  persistent  acute  pathology 
that  caused  the  cardiac  arrest  including  acute 
coronary  syndrome  (ACS),  pulmonary  embolism 
(PE),  or  hemorrhage.  If  no  such  persistent  pathol¬ 
ogy  exists  or  the  patient  is  not  stable  enough  to 
undergo  definitive  intervention,  then  mechanical 
circulatory  support  should  be  considered  (see 
section  “Evidence  Contour”). 

Ventilation  and  Oxygenation 

The  ventilation  and  oxygenation  goals  for  post¬ 
cardiac  arrest  patients  should  be  normoxia  and 
normocarbia.  Both  low  (<60  mmHg)  and  high 
(>300  mmHg)  arterial  P02  are  associated  with 
worse  outcomes  in  post-cardiac  arrest  patients 
[27].  Low  Pa02  can  cause  secondary  brain 
hypoxia  while  high  Pa02  can  increase  oxidative 
injury  in  the  brain.  The  impact  of  PaC02  on  cere¬ 
brovascular  blood  flow  is  maintained  in  post¬ 
cardiac  arrest  patients;  therefore  hypocarbia  can 
cause  secondary  brain  ischemia  and  is  associated 
with  worse  outcomes  [28,  29].  Currently  there 
are  no  studies  to  specify  which  ventilator  modes 
or  tidal  volumes  are  optimal  in  patients  resusci¬ 
tated  from  cardiac  arrest  but  generally  an 
approach  using  assist  control  mode  with  a  tidal 
volume  goal  in  6-8  cc/kg  range  is  considered 
standard.  Titration  of  mechanical  ventilation 
should  be  aimed  at  achieving  a  PaC02  of 
45  mmHg  and  a  range  for  Pa02  between  75  and 
150  mmHg. 

Management  of  STEMI  and  ACS 

Acute  coronary  syndrome  is  a  common  cause  of 
out-of-hospital  cardiac  arrest,  but  making  the 


diagnosis  in  an  unconscious  post-arrest  patient 
presents  unique  challenges.  A  previous  history  of 
coronary  artery  disease,  significant  risk  factors, 
and/or  symptoms  prior  to  arrest  can  contribute  to 
clinical  suspicion,  but  the  absence  of  these  does 
not  exclude  ACS  as  the  cause.  A  standard  12-lead 
ECG  should  be  obtained  as  soon  as  feasible  after 
ROSC,  with  additional  right-sided  and/or  poste¬ 
rior  leads  as  indicated.  Immediate  PCI  is  indi¬ 
cated  in  post-ROSC  patients  meeting  STEMI 
criteria  regardless  of  neurologic  status  [3].  In 
addition,  immediate  coronary  angiography 
should  be  considered  in  post-cardiac  arrest 
patients  that  do  not  meet  STEMI  criteria  but  there 
is  a  high  clinical  suspicion  for  ACS  (see  section 
“Evidence  Contour”).  Medical  management  of 
ACS  is  the  same  as  for  non-post-cardiac  arrest 
patients. 

Hypothermic  Targeted  Temperature 
Management 

Hypothermic-targeted  temperature  management 
(HTTM)  is  recommended  for  comatose  adult 
patients  who  achieve  ROSC  following  cardiac 
arrest  independent  of  presenting  cardiac  rhythm 
(shockable  vs.  non-shockable)  and  location  (Out 
of  Hospital  Cardiac  Arrest  (OHCA)  vs. 
In-hospital  Cardiac  Arrest  (IHCA))  [3].  Based  on 
current  clinical  evidence,  providers  should  select 
a  constant  target  temperature  between  32  and 
36  °C  and  maintain  that  temperature  for  at  least 
24  h.  Rewarming  should  be  no  faster  than  0.5  C/h 
and  fever  should  be  prevented  for  at  least  72  h 
after  ROSC. 

Although  there  are  no  absolute  contraindica¬ 
tions  to  HTTM  after  cardiac  arrest,  relative  con¬ 
traindications  may  include  uncontrolled  bleeding 
or  refractory  severe  shock.  Induction  of  hypo¬ 
thermia  may  lead  to  intense  shivering,  hypergly¬ 
cemia,  diuresis  and  associated  electrolyte 
derangements  such  as  hypokalemia  and  hypo¬ 
phosphatemia  [30].  Rewarming  may  be  associ¬ 
ated  with  mild  hyperkalemia  and  must  be 
monitored  closely. 

When  the  decision  is  made  to  treat  the  coma¬ 
tose  post-cardiac  arrest  patient  with  HTTM, 
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efforts  to  achieve  and  maintain  target  temperature 
should  be  as  soon  as  feasible.  In  the  ED,  practical 
methods  of  rapidly  inducing  hypothermia  include 
ice  packs  (applied  to  the  neck,  inguinal  areas,  and 
axilla),  fan  cooling  of  dampened  exposed  skin, 
cooling  blankets  underneath  and  on  top  of  the 
patient,  and  disabling  of  ventilator  warming  cir¬ 
cuits.  Rapid  intravenous  infusion  of  limited  vol¬ 
umes  (1-2  L)  of  4  °C  saline  facilitates  induction 
of  hypothermia,  but  additional  measures  are 
needed  to  maintain  hypothermia.  No  one  cooling 
strategy  or  device  has  been  demonstrated  to  result 
in  superior  clinical  outcomes.  A  number  of  auto¬ 
mated  surface  cooling  devices  are  now  available 
that  use  chest  and  thigh  pads  and  continuous  tem¬ 
perature  feedback  from  bladder  or  esophageal 
temperature  probes.  Although  more  invasive, 
automated  endovascular  cooling  systems  are  also 
available  that  require  placement  of  a  central 
venous  catheter  and  offer  tighter  control  of  tem¬ 
perature  at  target.  Target  core  body  temperature 
is  best  monitored  by  an  indwelling  esophageal 
temperature  probe,  but  can  be  monitored  by  a 
temperature-sensitive  bladder  catheter  if  ade¬ 
quate  urine  output  is  present. 

Shivering,  which  inhibits  cooling,  can  be  pre¬ 
vented  with  sedation  and  neuromuscular  block¬ 
ade.  If  neuromuscular  blockade  is  continued 
during  the  maintenance  phase  of  therapeutic 
hypothermia,  continuous  electroencephalo- 
graphic  monitoring  is  strongly  encouraged  to 
detect  seizures,  a  common  occurrence  in  post¬ 
cardiac  arrest  patients  [3]. 

Glucose  Control 

Hyperglycemia  is  common  in  post-cardiac  arrest 
patients,  and  average  levels  above  143  mg/dL 
have  been  strongly  associated  with  poor  neuro¬ 
logic  outcomes  [31].  One  randomized  trial  in 
post-cardiac  arrest  patients  compared  strict  (72- 
108  mg/dL)  versus  moderate  (108-144  mg/dL) 
glucose  control  and  found  no  difference  in  30-day 
mortality  [32].  Based  on  available  evidence, 
moderate  glucose  management  strategies  in  place 
for  most  critically  ill  patients  do  not  need  to  be 
modified  for  post-cardiac  arrest  patients. 


Seizure  Management 

Seizures,  nonconvulsive  status  epilepticus,  and 
other  epileptiform  activity  occurs  in  12-22%  of 
comatose  post-cardiac  arrest  patients,  and  may 
contribute  to  secondary  brain  injury  and  prevent 
awaking  from  coma  [3].  There  is  no  direct  evi¬ 
dence  that  post-cardiac  arrest  seizure  prophylaxis 
is  effective  or  improves  outcomes.  However,  pro¬ 
longed  epileptiform  discharges  are  associated 
with  secondary  brain  injury  in  other  conditions, 
making  detection  and  treatment  of  nonconvulsive 
status  epilepticus  a  priority  [33].  Continuous 
EEG,  initiated  as  soon  as  possible  following 
ROSC,  should  be  strongly  considered  in  all 
comatose  survivors  of  cardiac  arrest  treated  with 
HTTM,  to  monitor  for  potentially  treatable  elec¬ 
trographic  status  epilepticus  and  to  assist  with 
neuroprognostication.  In  the  absence  of  continu¬ 
ous  EEG  monitoring,  an  EEG  for  the  diagnosis  of 
seizure  should  be  promptly  performed  and  inter¬ 
preted  in  comatose  post-arrest  patients.  The  same 
anticonvulsant  regimens  for  the  treatment  of  sei¬ 
zures  and  status  epilepticus  and  myoclonus 
caused  by  other  etiologies  are  reasonable  to  use 
in  post-cardiac  arrest  patients. 

Neuroprognostication 

Accurate  neuroprognostication  can  be  extremely 
challenging  in  persistently  comatose  post-car¬ 
diac  arrest  patients,  but  is  essential  for  appropri¬ 
ate  patient  care  and  resource  utilization. 
Decisions  to  limit  care  based  on  neurologic 
prognosis  should  not  be  made  before  72  h  after 
ROSC  and  at  least  12  h  following  rewarming  and 
cessation  of  all  sedative  and  paralytic  medica¬ 
tions  [34].  Available  neuroprognostication  tools 
include  clinical  examination,  electrophysiologic 
measurements,  imaging  studies,  and  serum  bio¬ 
markers.  The  performance  of  these  tools  is 
highly  dependent  on  the  interval  between  the 
achievement  of  ROSC  and  the  measurement.  For 
example,  bilateral  absence  of  pupillary  light 
reflex  has  a  false  positive  rate  (FPR)  for  predict¬ 
ing  poor  neurologic  outcome  of  32  %  [95  %  Cl 
19-48%]  at  the  time  of  hospital  admission 
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versus  a  FPR  of  1  %  [0-3  %\  when  measured  72 
h  after  ROSC  [35].  In  addition  to  timing,  major 
confounders  such  as  sedation  and  neuromuscular 
blockade,  persistent  hypothermia,  severe  hypo¬ 
tension,  hypoglycemia  and  other  profound  meta¬ 
bolic  derangements  must  be  excluded  before  an 
assessment  for  neuroprognostication  is  per¬ 
formed.  Finally,  all  available  clinical  data  on  the 
reliability  of  prognostication  tools  is  limited  by 
the  potential  for  a  self-fulfilling  prophecy  that 
occurs  when  these  tools  are  used  to  limit  care. 

Most  experts  agree  that  recovery  of  Glasgow 
Motor  Score  (GMS)  of  flexion  or  better  (i.e.  >2) 
is  a  good  prognostic  sign  that  precludes  the  need 
for  further  prognostic  evaluation.  In  patients  that 
do  not  recover  a  GMS  >2  by  72  h  after  ROSC,  the 
most  reliable  predictors  of  poor  neurologic  out¬ 
come  (defined  by  a  Cerebral  Performance 
Category  score  of  3-5)  are  listed  in  Table  2.1. 

It  is  recommended  that  decisions  to  limit  care 
never  be  based  on  the  results  of  a  single  prognos¬ 
tication  tool  [3].  Although  a  number  of  published 
guidelines  from  professional  societies  are  avail¬ 
able,  the  field  is  rapidly  evolving  and  therefore 
post-arrest  neuroprognostication  should  be 
guided  by  consultation  with  an  experienced  neu- 
rocritical  care  specialist  [34,  37].  Establishing  a 
consistent  institutional  approach  based  on  avail¬ 
able  resources  and  multidisciplinary  expertise 
will  optimize  both  resource  utilization  and  patient 
outcomes. 


Organ  Donation 

Patients  that  are  initially  resuscitated  from  car¬ 
diac  arrest  but  subsequently  die  or  meet  brain 
death  criteria  should  be  evaluated  as  potential 
organ  donors.  Multiple  studies  have  found  no  dif¬ 
ference  in  immediate  or  long-term  function  of 
transplanted  organs  from  donors  who  reach  brain 
death  after  cardiac  arrest  when  compared  with 
donors  who  reach  brain  death  from  other  causes 
[38].  In  addition,  patients  who  have  withdrawal 
of  life  support  after  initial  resuscitation  from  car¬ 
diac  arrest  based  on  reliable  neuroprognostica¬ 
tion  of  futility  or  as  part  of  advanced  directives 
are  candidates  for  donation  after  cardiac  death 
(DCD).  The  list  of  potential  organs  successfully 
donated  from  the  patients  has  expanded  from  pri¬ 
marily  kidneys  and  liver  to  include  heart,  lung 
and  intestine.  Finally,  tissue  donation  (cornea, 
skin,  and  bone)  is  almost  always  possible  if  post¬ 
cardiac  arrest  patients  die. 

Evidence  Contour 

Patient  Selection  for  Emergency 
Coronary  Angiography 

There  are  no  prospective  randomized  controlled 
trials  demonstrating  benefit  of  immediate  coro¬ 
nary  angiography  and  PCI  in  post-cardiac  arrest 
patients  with  or  without  STEMI.  However, 


Table  2.1  Most  reliable  predictors  of  poor  neurologic  outcome  in  comatose  post-cardiac  arrest  patients  [35] 


Prognostication  tool 

Positive  result  measurement 

Timing 

FPR  [95%CI] 

Sensitivity 

[95%CI] 

Clinical  Exam 

Bilaterally  absent  pupillary 
light  reflexes  [35] 

>72  h  post-ROSC 

1  %  [0-3  %] 

19%  [14-25%] 

Status  myoclonus  [35] 

During  the  first  72  h 
post-ROSC 

0  %  [0-4  %] 

16%  [11-22%] 

Somatosensory  evoked 
potentials  (SSEPs) 

Bilaterally  absent  N20 
(cortical)  SSEP  wave  [35] 

After  rewarming  from 
HTTM 

1  %  [0-3  %] 

45%  [41-50%] 

Electroencephalography 

(EEG) 

Highly  malignant  pattern 
[36] 

After  rewarming  from 
HTTM  and  48-96  h 
after  ROSC 

0%  [0-12%] 

50%  [39-61%] 

A.  Highly  malignant  EEG  patterns  are  (1)  suppressed  background  without  discharges  (amplitude,  10  mV,  100%  of  the 
recording),  (2)  suppressed  background  with  continuous  periodic  discharges,  and  (3)  surest- suppression  background 
with  or  without  superimposed  discharges  (periods  of  suppression  with  amplitude  <10  mV  constituting  >50%  of  the 
recording) 
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multiple  observational  studies  have  reported  better 
survival  in  both  STEMI  and  NSTEMI  post-cardiac 
arrest  patients  that  undergo  immediate  coronary 
angiography  and  PCI  (when  indicated)  compared 
to  those  that  do  not  undergo  immediate  coronary 
angiography  [39-41].  The  strength  of  the  recom¬ 
mendation  for  post-cardiac  arrest  patients  that 
meet  STEMI  criteria  is  based  on  extrapolation  of 
the  positive  survival  benefits  for  non-cardiac  arrest 
patients.  Conversely,  the  reluctance  of  interven¬ 
tional  cardiologists  to  perform  immediate  coro¬ 
nary  angiography  in  NSTEMI  patients  is  similarly 
based  on  lack  of  proven  benefit  in  non-cardiac 
arrest  patients.  However,  it  should  be  recognized 
that  the  post-arrest  patients  are  higher  risk  and  do 
not  always  have  ST-elevation  with  an  acutely 
occluded  culprit  lesion  [42].  In  a  large  interna¬ 
tional  post-cardiac  arrest  registry  that  included 
patients  undergoing  immediate  coronary  angiog¬ 
raphy  with  and  without  STEMI,  an  occluded  cul¬ 
prit  vessel  was  found  in  74.3%  of  patients  with 
STEMI  and  22.9%  of  patients  without  STEMI 
[41].  This  high  incidence  of  occluded  culprit 
lesions  combined  with  post-cardiac  arrest  myocar¬ 
dial  dysfunction  and  the  need  to  maintain  adequate 
cerebral  perfusion  pressure  to  prevent  secondary 
brain  injury  argues  strongly  for  immediate  coro¬ 
nary  angiography  in  any  post-cardiac  arrest  patient 
when  there  is  a  clinical  suspicion  of  ACS,  espe¬ 
cially  when  associated  with  hemodynamic 
instability. 

Patient  Selection 
for  Hypothermic  TTM 

Although  international  guidelines  consistently 
recommend  treating  all  comatose  post-cardiac 
arrest  patients  with  hypothermic  TTM,  this  prac¬ 
tice  has  not  been  universally  implemented.  The 
two  major  clinical  trials  demonstrating  efficacy 
of  HTTM  limited  enrollment  to  witnessed  out-of- 
hospital  cardiac  arrest  with  as  shockable  (VF/ 
VT)  presenting  rhythm  [26,  43].  There  have  been 
no  prospective  randomized  clinical  trials  com¬ 
paring  HTTM  to  normothermia  (or  no  active 
temperature  management)  in  out-of-hospital 
cardiac  arrest  patients  with  non-shockable 
presenting  rhythms  or  in  in-hospital  cardiac 


arrest  patients  with  any  presenting  rhythm. 
Therefore  these  recommendations  represent  an 
extrapolation  of  the  evidence  in  patients  with  wit¬ 
nessed  out-of-hospital  ventricular  fibrillation. 
This  extrapolation  is  supported  by  clinical  obser¬ 
vational  studies  that  suggest  benefit  in  these 
patient  populations  and  robust  body  animal  data 
demonstrating  the  neuroprotective  effect  of 
HTTM  in  cardiac  arrest  models  regardless  of 
arrest  rhythm  [44,  45].  In  addition,  HTTM  has  a 
relatively  safe  side  effect  profile  limited  primar¬ 
ily  to  shivering  and  electrolyte  shifts.  For  intu¬ 
bated  comatose  cardiac  arrest  survivors  managed 
in  the  ICU  setting,  the  incremental  intensity  of 
care  and  cost  is  modest.  One  potential  concern 
about  treating  all  comatose  post-cardiac  arrest 
patients  with  HTTM  is  a  delay  in  prognostication 
of  poor  outcome  and  decision  to  limit  care. 
However,  there  is  international  consensus  that 
neuroprognostication  should  not  be  performed 
before  72  after  ROSC.  So,  awaiting  completion 
of  HTTM  therapy  does  itself  delay  neuroprog¬ 
nostication.  Moreover,  HTTM  could  delay  the 
metabolism  of  sedative  and  paralytic  agents. 
Therefore,  some  experts  have  recommended 
delaying  prognostication  until  72  h  after  rewarm¬ 
ing,  which  could  cause  significant  delays  in  neu¬ 
roprognostication.  However,  the  initiation  of 
HTTM  should  not  impact  decisions  to  limit  care 
that  are  based  criteria  other  than  neurologic  prog¬ 
nosis,  such  as  terminal  illness  or  previously 
unrecognized  advanced  directives.  In  such  cases 
the  decision  to  discontinue  HTTM  can  be  consid¬ 
ered  in  the  same  way  as  the  decision  to  discon¬ 
tinue  mechanical  ventilation  or  intravenous 
pressor  therapy. 

Optimizing  Hypothermic  TTM 

Most  experts  agree  that  the  optimal  time  to  initia¬ 
tion,  target  temperature,  and  duration  of  HTTM  is 
unknown.  Although  it  theoretically  makes  sense 
to  achieve  target  temperature  as  soon  as  feasible, 
there  is  no  clinical  data  to  support  this  approach. 
Even  in  the  two  landmark  clinical  trials,  the  time 
to  target  temperature  was  discordant.  In  the  study 
by  Bernard  the  time  to  target  temperature  was 
reported  to  be  <2  h  while  in  the  HACA  trial  the 
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median  time  to  target  temperature  was  8  h  (IQR 
4-16  h)  [26,  43].  Rapid  infusion  of  cold  intrave¬ 
nous  saline  immediately  after  ROSC  by  paramed¬ 
ics  in  the  field  had  no  impact  on  outcomes  in  two 
randomized  clinical  trials  [46,  47].  Observational 
studies  examining  time  to  target  temperature  are 
not  informative  because  neurologically  devas¬ 
tated  patients  are  easier  to  cool  due  to  loss  of  tem¬ 
perature  auto  regulation.  Based  on  available 
evidence  achieving  target  temperature  within  4  h 
of  ROSC  is  a  reasonable  goal. 

The  target  temperature  of  32-34  °C  in  the 
original  guidelines  was  based  on  the  target  tem¬ 
perature  used  in  the  Bernard  and  HACA  studies 
[26,  43].  Subsequent  to  that,  a  large  multicenter 
studied  published  by  Nielsen  et  al.  did  not  detect 
superior  outcomes  in  comatose  post-cardiac 
arrest  patients  who  were  cooled  to  33  °C  com¬ 
pared  to  36  °C  [48].  It  is  for  this  reason  that  the 
recommended  target  temperature  range  was 
expanded  to  32-36  °C.  Although  it  is  theoreti¬ 
cally  easier  to  use  a  higher  target  temperature,  it 
does  not  obviate  the  need  for  use  of  active  cool¬ 
ing  techniques  guided  by  continuous  temperature 
monitoring.  The  recommended  duration  of  ther¬ 
apy  is  again  based  on  the  durations  used  in  major 
clinical  trials.  There  have  been  no  prospective 


comparisons  of  HTTM  duration  in  randomized 
clinical  trials.  No  specific  cooling  technique  has 
been  demonstrated  to  result  in  superior  patient 
outcomes.  Therefore  the  best  strategy  is  the  one 
that  is  most  feasible  to  consistently  implement  at 
your  own  institution.  Overall,  the  optimization  of 
HTTM  requires  additional  research,  and  it  is 
likely  that  a  personalized  approach  based  on 
severity  of  injury  and  response  to  therapy  will 
emerge  as  the  best  strategy. 

Mechanical  Support  for  Refractory 
Post-cardiac  Arrest  Cardiogenic 
Shock 

In  post-cardiac  arrest  patients  with  refractory 
cardiogenic  shock  a  number  of  options  can  be 
considered  for  mechanical  circulatory  support. 
An  intra-aortic  balloon  pump  can  enhance  car¬ 
diac  output  by  approximately  0.5  L/min  in  car¬ 
diogenic  shock.  Despite  early  evidence  of 
improved  outcomes  when  IABP  was  used  post- 
MI,  recent  studies  have  not  shown  a  30-day  or  12 
month  mortality  benefit  [49,  50].  The  newer 
peripheral  ventricular  assist  devices  Tandem 
Heart™  PVAD  (Fig.  2.3)  and  Impella™  Recovery 


Fig.  2.3  (a,  b)  Thoratec  Device™  Percutaneous  ventric-  min  depending  on  size  of  cannulae  (With  permission 

ular  assist  device  consisting  of  Tandem  Heart  pump™  and  Cardiac  Assist®  Inc.) 

Tandem  Heart  cannulae™  with  flow  rates  from  4  to  5.0  L / 
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Fig.  2.4  (a,  b)  Impella  Device  ™  Device  demonstrating  retrograde  insertion  via  aorta  into  left  ventricle  proprietary  9Fr 
catheter  with  2.5  L/min  flow  rate.  Inserted  under  fluoroscopic  guidance,  (b  With  permission  Abiomed®) 


(Fig.  2.4)  are  reported  to  augment  cardiac  output 
by  3.5  and  2.5  L/min,  respectively.  These  devices 
gain  access  to  the  central  circulation  via  large 
cannulas,  which  then  use  either  a  centrifugal 
pump  (Tandem  Heart™)  or  catheter  motor  with 
inlet  and  output  (Impella™)  via  the  aorta.  In  cen¬ 
ters  with  specialty  expertise  complete  circula¬ 
tory  support  may  be  performed  using 
veno-arterial  extracorporeal  membrane  oxygen¬ 
ation  (VA-ECMO)  as  a  bridge  to  transplantation 
or  bridge  to  recovery  [51]. 
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Case  Presentation 

A  39-year-old  woman  with  a  history  of  rheuma¬ 
toid  arthritis  and  localized  breast  cancer  status 
post  lumpectomy  was  admitted  to  the  intensive 
care  unit  (ICU)  for  suspected  septic  shock  from  a 
biliary  source.  She  had  presented  with  right  upper 
quadrant  abdominal  pain  worsening  over  the  last 
3  days.  She  endorsed  lightheadedness,  shortness 
of  breath,  and  vomiting,  and  denied  cough  or 
fever.  On  initial  examination,  her  vitals  included 
a  heart  rate  of  110,  respiratory  rate  22,  blood 
pressure  86/58,  Sp02  94%  on  room  air,  tempera¬ 
ture  37.5  °C.  She  was  ill  appearing,  anxious  but 
alert,  visibly  dyspneic,  with  clear  heart  and  lung 
sounds.  She  had  tenderness  with  voluntary  guard¬ 
ing  of  her  right  upper  quadrant.  Her  extremities 
were  cool  with  delayed  capillary  refill  and  1+ 
pretibial  edema  bilaterally.  Her  electrocardio¬ 
gram  showed  sinus  tachycardia  with  small  T 
wave  inversions  in  the  anterior  leads  and  no  ST 
elevations.  Her  chest  radiograph  showed  a  small 
right  pleural  effusion  but  was  otherwise  clear. 
Pertinent  labs  included:  WBC  13,000,  hemoglo¬ 
bin  11.9,  platelets  180,000,  creatinine  1.9  mg/dL, 
AST  250,  ALT  300,  alkaline  phosphatase  110, 
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total  bilirubin  1.8,  lipase  120,  troponin-I  1.1 
(negative  <0.10),  and  INR  1.5.  Arterial  blood  gas 
revealed  pH  7.32,  PC02  28,  P02  64,  and  lactate 
4.2  mmol/L.  Pregnancy  testing  was  negative. 
Urinalysis  was  pending  as  her  urine  output  was 
poor.  She  was  treated  empirically  with  broad- 
spectrum  antibiotics  and  intravenous  fluids.  After 
1500  mL  of  saline,  the  patient’s  heart  rate  was 
120,  respiratory  rate  26,  blood  pressure  80/54, 
and  Sp02  now  90  %  on  2  L  nasal  cannula.  While 
awaiting  diagnostic  imaging,  a  foley  catheter, 
central  venous  catheter,  and  arterial  line  were 
placed. 

Question  How  should  the  clinician  determine 
this  patient’s  shock  type  and  the  appropriate 
resuscitation  strategy? 

Answer  Assessment  of  volume  responsiveness 
plus  bedside  echocardiography 

This  patient  presents  with  clinical  features  of, 
and  risk  factors  for,  multiple  shock  types  with 
many  possible  etiologies.  The  differential  diagno¬ 
sis  includes  septic  shock  due  to  biliary,  gastrointes¬ 
tinal,  or  genitourinary  causes,  severe  pancreatitis, 
hemorrhagic  shock  possibly  from  a  ruptured  ovar¬ 
ian  or  hepatic  cyst,  adrenal  crisis,  massive  pulmo¬ 
nary  embolism,  right  ventricular  failure,  cardiac 
tamponade,  or  left  ventricular  failure.  The  fact  that 
she  is  more  hypotensive  after  fluids  might  suggest 
cardiac  failure,  or  may  be  due  to  progression  of 
septic  shock.  The  indications  for  IV  fluid  boluses, 
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blood  products,  vasopressors,  and  inotropes  differ 
widely  among  these  possibilities,  and  both  under¬ 
resuscitation  and  volume  overload  carry  potential 
harm. 

After  placement  of  a  left  subclavian  central 
line  and  radial  arterial  line,  central  venous  pres¬ 
sure  (CVP)  averaged  10  mmHg,  and  a  pulsus 
paradoxus  was  noted  on  the  arterial  pressure 
waveform.  A  90-s  bilateral  passive  leg  raise 
resulted  in  a  12-point  drop  in  systolic  blood 
pressure.  Based  on  this,  intravenous  fluids  were 
discontinued.  A  bedside  echocardiogram  dem¬ 
onstrated  a  dilated  inferior  vena  cava  (IVC)  with 
no  respiratory  variation,  no  pericardial  effusion, 
massive  dilation  of  the  right  ventricle  (RV)  with 
poor  RV  contractility,  marked  right-to-left  inter¬ 
ventricular  septal  bowing,  and  a  small,  hyperdy¬ 
namic  left  ventricle  (LV).  A  diagnosis  of 
cardiogenic  shock  due  to  RV  failure  was  made, 
and  the  patient  was  started  on  high-flow  oxygen 
at  15  L/min  with  inhaled  nitric  oxide  blended  in 
at  20  parts  per  million.  Norepinephrine  and 
dobutamine  infusions  were  initiated.  After  appli¬ 
cation  of  these  therapies,  her  skin  temperature 
and  capillary  refill  improved,  her  blood  pressure 
improved  to  110/70,  and  urine  output  increased. 
A  formal  right  upper  quadrant  ultrasound  showed 
no  gallstones,  gallbladder  wall  thickening,  or 
biliary  dilation;  her  right  upper  quadrant  pain 
was  attributed  to  congestive  hepatopathy.  A  CT 
of  the  chest  showed  no  pulmonary  embolism. 
She  was  scheduled  for  right  heart  catheterization 
for  a  suspected  index  presentation  of  pulmonary 
arterial  hypertension. 

Standard  Approach 
to  Undifferentiated  Shock 

Shock  is  defined  as  a  state  of  inadequate  oxygen 
delivery  to  tissues  resulting  in  cellular  dysoxia, 
which  is  often  accompanied  by,  but  may  be  com¬ 
pletely  independent  of,  decreased  systemic  arte¬ 
rial  blood  pressure  [1].  The  classic  approach  to 
determining  shock  type  begins  with  utilizing  his¬ 
tory  and  cardiopulmonary  and  skin  examinations 
to  categorize  the  patient’s  condition  into  one  of 
four  shock  types:  hypovolemic,  distributive, 


cardiogenic,  or  obstructive  [1].  This  can  be  quite 
challenging  in  patients  with  multiple  comorbidi¬ 
ties,  difficult  body  habitus,  or  atypical  physical 
exam  findings  (e.g.  “cold”  septic  shock  or  “high 
output”  cardiac  failure). 

In  the  past,  static  hemodynamic  parameters 
such  as  central  venous  pressure  (CVP),  pulmo¬ 
nary  artery  occlusion  pressure  (PAOP),  estimated 
stroke  volume  (SV),  cardiac  index  (Cl),  and  sys¬ 
temic  vascular  resistance  (SVR)  obtained  inva- 
sively  via  central  venous  and  pulmonary  artery 
catheterization  were  used  to  attempt  to  differenti¬ 
ate  cardiac  failure,  obstruction,  hypovolemia,  or 
inappropriate  vasodilation.  Various  combinations 
of  fluids,  vasopressors,  and  inotropes  would  be 
then  employed  to  target  certain  goals;  for  exam¬ 
ple,  CVP  of  8-12  mmHg,  PAOP  of  12-15  mmHg, 
and  Cl  greater  than  2.2.  CVP-guided  fluid  man¬ 
agement  is  still  emphasized  in  a  number  of  resus¬ 
citation  protocols,  including  early  goal  directed 
therapy  of  septic  shock  and  the  post-cardiac 
arrest  syndrome  [2,  3],  and  utilization  of  the  pul¬ 
monary  artery  catheter  (PAC)  remains  a  standard 
monitoring  strategy  for  patients  in  cardiogenic 
shock  or  post  cardiac  surgery.  As  described  in 
greater  detail  below,  these  parameters  are  notori¬ 
ously  unreliable  in  determining  shock  type  and 
predicting  response  to  intravenous  fluid. 

Shock Types 

The  basic  phenotypes  of  shock  are  only  three: 
hypovolemic,  distributive,  and  cardiogenic;  car¬ 
diogenic  shock  includes  obstructive  causes  of  RV 
failure  (Fig.  3.1).  In  the  modern  approach  to 
undifferentiated  shock,  it  is  essential  to  first  rec¬ 
ognize  that  a  large  proportion  of  patients  in  shock 
are  suffering  multiple  insults  resulting  in  mixed 
shock  phenotypes ,  and  therefore  a  linear  approach 
to  diagnosis  and  management  is  inappropriate. 
For  example,  patients  with  cardiogenic  shock, 
post-cardiac  arrest  syndrome,  or  massive  hemor¬ 
rhage  may  also  suffer  distributive  shock  due  to 
systemic  inflammation  and  vasoplegia  [4];  over 
half  of  patients  with  septic  shock  will  develop 
cardiac  dysfunction  during  their  course  [5];  and 
patients  with  hypotension  and  severe  congestive 
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Tamponade 
Tension  PTX 
Massive  PE 
RV  Infarction 


Hemorrhage 
Gl  losses 
Dehydration 
Capillary  leak 


Myocardial  Infarction 
Myocarditis 

Septic  Cardiomyopathy 
Arrhythmia 

Acute  Mitral  Regurgitation 
Critical  Aortic  Stenosis 


Sepsis 
Anaphylaxis 
SIRS 

Massive  transfusion 
Post-cardiac  arrest 
Adrenal  crisis 
Neurogenic 

Fig.  3.1  Shock  types  and  examples.  RV  right  ventricle,  PTX  pneumothorax,  PE  pulmonary  embolism,  HTN  hyperten¬ 
sion,  LV  left  ventricle,  SIRS  systemic  inflammatory  response  syndrome,  Gl  gastrointestinal 


heart  failure  may  in  fact  be  initially  volume 
responsive  [6,  7],  particularly  if  they  are  suffering 
concomitant  gastrointestinal  fluid  losses,  over¬ 
diuresis,  or  occult  bleeding. 

Hypovolemia  is  categorized  as  either  hemor¬ 
rhagic  or  non-hemorrhagic.  Mechanistically, 
hypovolemic  shock  results  from  inadequate  car¬ 
diac  output  due  to  diminished  stroke  volume, 
which  itself  is  the  result  of  decreased  venous 
return.  Venous  return  depends  upon  maintaining 
a  gradient  of  blood  flow  from  large  capacitance 
veins  in  the  body  towards  the  right  atrium,  and 
this  gradient  depends  in  part  on  the  difference 
between  mean  systemic  pressure  (Pms)  and  right 
atrial  pressure  (Fig.  3.2)  [8].  Pms  can  be  thought 
of  as  the  intrinsic  blood  pressure  within  the 
venous  system  and  depends  on  “stressed” 


intravascular  volume — the  volume  of  blood  pres¬ 
surized  by  the  elasticity  of  the  distended  blood 
vessels  in  which  it  is  contained.  Normally  when 
intravascular  volume  is  lost,  compensatory  veno- 
constriction  maintains  an  adequate  stressed  vol¬ 
ume  and  thus  adequate  Pms;  however,  when  a 
patient  becomes  critically  hypovolemic  or  is  sub¬ 
ject  to  inappropriate  vasodilation,  Pms  drops  and 
venous  return  to  the  right  atrium  falls.  The  treat¬ 
ment  is  thus  replacement  of  intravascular  volume 
to  restore  Pms.  In  the  profoundly  vasoplegic 
patient  (e.g.  advanced  cirrhosis  or  anaphylaxis), 
venous  return  can  be  increased  by  using  vasocon¬ 
strictors  such  as  norepinephrine  to  increase 
venous  tone  and  stressed  volume  [8,  9];  however, 
excessive  vasoconstriction  increases  resistance  to 
blood  flow  and  may  impede  venous  return. 
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Fig.  3.2  Physiologic 
determinants  of  right  heart 
preload.  PMS  mean  systemic 
pressure,  RAP  right  atrial 
pressure,  R  resistance,  RV 
right  ventricle 


Right  heart  preload  *  (PMS  -  RAP)  /  R 


Venules,  Veins 


Increased  by: 


Vena  cava  Right  atrium 


Increased  by:  Increased  by: 


I 

-Stressed  volume 
-Vascular  tone 


1  I 

-Venoconstriction  -Intrathoracic  pressure 

-Blood  viscocity  -Pericardial  pressure 

-RV  overload 
-Tricuspid  regurgitation 


Fig.  3.3  Physiologic 
determinants  of  vascular 
tone.  Ca++  calcium,  NE 
norepinephrine,  Ag  II 
angiotensin,  AVP  arginine 
vasopressin,  SNS 
sympathetic  nervous 
system,  5-HT  serotonin, 
NO  nitric  oxide,  PGE 
prostaglandin,  ANP  atrial 
natriuretic  peptide,  ROS 
reactive  oxygen  species 


Vasoconstriction 


NE  Ag  II 


Vasodilation 


/\ 


Inflammatory  ROS 
cytokines 


Distributive  shock  is  due  to  vasoplegia,  the 
failure  to  maintain  vascular  tone,  and  can  occur 
via  multiple  mechanisms.  Vascular  smooth  mus¬ 
cle  tone  is  affected  by  a  balance  of  several  chemi¬ 
cal  mediators:  catecholamines,  vasopressin, 
angiotensin  II,  and  free  calcium  cause  vasocon¬ 
striction,  while  prostaglandins,  histamine,  atrial 
natriuretic  peptide,  and  nitric  oxide  cause  vasodi¬ 
lation  (Fig.  3.3)  [4,  10,  11].  Catecholamine 
induced  vasoconstriction  is  influenced  by  the 
integrity  of  the  sympathetic  nervous  system  as 
well  as  by  adrenal  and  thyroid  function.  Nitric 
oxide  induced  vasodilation  is  heightened  by  his¬ 
tamine,  inflammatory  cytokines,  and  possibly 
reactive  oxygen  species  during  ischemia- 
reperfusion.  The  interplay  of  these  factors 
explains  why  such  varied  disease  processes  such 
as  septic  shock,  anaphylactic  shock,  post- 


cardiopulmonary  bypass,  post-cardiac  arrest  syn¬ 
drome,  massive  transfusion,  adrenal  failure,  and 
high  cervical  spine  injury  may  all  result  in  dis¬ 
tributive  shock  via  different  mechanisms.  The 
mainstay  of  treatment  is  an  adrenergic  vasopres¬ 
sor  agent  such  as  norepinephrine  or  phenyleph¬ 
rine,  and  other  intravenous  agents  such  as 
ephedrine,  vasopressin,  angiotensin  II,  antihista¬ 
mines,  corticosteroids,  thyroxine,  and  nitric 
oxide  scavengers  such  as  methylene  blue  may  be 
indicated  in  certain  clinical  situations. 

Cardiogenic  shock  is  a  broad  category  encom¬ 
passing  depressed  cardiac  output  related  to  fail¬ 
ure  of  either  the  right  ventricle,  left  ventricle,  or 
both.  The  causes  of  “obstructive  shock”  such  as 
tension  pneumothorax,  cardiac  tamponade,  or 
massive  pulmonary  embolism,  can  be  thought  of 
as  a  subset  of  cardiogenic  shock  as  they  directly 
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impede  the  filling  and/or  output  of  the  right  heart. 
After  a  cautious  trial  of  intravenous  fluids,  the 
mainstays  of  treatment  are  to  support  hemody¬ 
namics  with  a  combination  of  vasopressors  and 
inotropes  while  working  to  correct  any  potential 
mechanical  lesion  (e.g.  pericardiocentesis  for 
tamponade,  tube  thoracostomy  for  tension  pneu¬ 
mothorax,  thrombolysis  for  massive  pulmonary 
embolism,  percutaneous  coronary  intervention 
for  ST-elevation  myocardial  infarction,  emergent 
valve  repair  for  severe  regurgitation,  etc.). 
Mechanical  ventilation  and  mechanical  circula¬ 
tory  devices  such  as  implantable  ventricular 
assist  devices,  intraaortic  balloon  counterpulsa¬ 
tion,  or  extracorporeal  life  support  may  be  needed 
until  resolution  or  definitive  therapy  [6] . 

Evidence  Contour 

Rarely  will  one  simple  shock  type  exist  in  isola¬ 
tion,  and  one  should  approach  shock  as  a  poten¬ 
tial  combination  of  three  simultaneous  insults: 
hypovolemia,  vasoplegia,  and  cardiac  dysfunc¬ 
tion.  In  all-comers  with  shock,  these  three  param¬ 
eters  must  be  addressed  systematically.  The  two 
most  important  maneuvers  guiding  the  resuscita¬ 
tion  of  undifferentiated  shock  are  (1)  assessment 
of  volume  responsiveness  and  (2)  bedside 
echocardiography. 

Assessment  of  Volume 
Responsiveness 

Accurate  assessment  of  volume  responsiveness  is 
the  most  important  first  step  in  the  resuscitation  of 
a  patient  in  shock,  as  it  directly  influences  man¬ 
agement  in  real  time.  Volume  responsiveness  is 
defined  as  a  10-15  %  increase  in  stroke  volume 
(SV)  or  cardiac  output  (CO)  after  the  administra¬ 
tion  of  an  intravenous  fluid  challenge,  usually 
250-500  mL  of  crystalloid,  theoretically  corre¬ 
sponding  to  the  steep  portion  of  the  Starling  curve 
(Fig.  3.4).  There  are  many  methods  of  assessment 
described,  which  are  divided  into  static  measure¬ 
ments  of  filling  pressure  or  dynamic  measure¬ 
ments  of  cardiopulmonary  interaction. 


Fig.  3.4  Starling  curve.  SV  stroke  volume,  CO  cardiac 
output 

When  caring  for  patients  in  shock,  the  routine 
use  of  CVP  or  PAOP  to  guide  fluid  management 
is  not  recommended  [1].  Despite  their  wide¬ 
spread  use,  static  measurements  such  as  CVP, 
PAOP,  or  estimated  end-diastolic  volumes  do  not 
accurately  reflect  volume  responsiveness  or  intra¬ 
vascular  volume  status,  even  in  combination,  and 
even  at  extreme  highs  and  lows  [12-14]. 
Randomized  trials  and  large  systematic  reviews 
have  not  demonstrated  that  targeting  a  specific 
CVP  or  routinely  using  a  PAC  are  of  benefit  to 
critically  ill  patients  [15-18].  Blindly  administer¬ 
ing  intravenous  fluids  to  increase  CVP  is  not  rec¬ 
ommended,  as  there  is  a  worrisome  correlation 
between  elevated  CVP,  positive  fluid  balance 
during  resuscitation,  and  mortality,  at  least  in 
septic  shock  [19]. 

Unlike  static  filling  pressures,  dynamic  mea¬ 
sures  of  cardiopulmonary  interaction  are  highly 
accurate  in  determining  volume  responsiveness 
[20-25].  In  mechanically  ventilated  patients, 
such  dynamic  measurements  include  pulse  pres¬ 
sure  variation  (PPV),  stroke  volume  variation 
(SVV),  and  plethysmography  variation  index 
(PVI).  Variations  in  pulse  pressure  (PP),  stroke 
volume  (SV)  or  plethysmography  amplitude 
indicate  that  cardiac  output  is  linked  to  changes 
in  ventricular  filling  that  occur  with  swings  in 
intrathoracic  pressure,  which  reflects  volume 
responsiveness.  Respiratory  variation  of  IVC 
diameter  (ADIVC)  using  bedside  ultrasound  may 
also  be  used  to  predict  volume  responsiveness, 
again  linking  changes  in  venous  return  and  car¬ 
diac  output  with  changes  in  intrathoracic 
pressure. 
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SVV,  PPV,  and  PVI  specifically  predict  left 
ventricle  (LV)  volume  responsiveness.  During 
a  positive  pressure  breath,  venous  return  from 
the  pulmonary  vascular  bed  to  the  LV  is  briefly 
increased;  if  the  LV  is  volume-responsive,  then 
PP,  SV,  and  plethysmography  amplitude  will 
transiently  increase  immediately  after  each 
ventilator-delivered  breath.  However,  a  posi¬ 
tive  pressure  breath  at  the  same  time  impedes 
the  cardiac  output  of  the  RV — the  source  of 
LV  preload.  If  the  LV  is  volume  responsive, 
PP  and  SV  will  dip  after  several  cardiac  cycles 
to  reflect  this  decrease  in  preload  to  the  LV, 
and  then  return  to  baseline  during  exhalation 
(Fig.  3.5).  There  are  several  minimally  inva¬ 
sive  methods  available  to  assess  SV,  including 
pulse  contour  analysis  from  arterial  pressure 
tracings  (e.g.  FloTrac  [Edwards  Lifesciences, 
Irvine,  CA],  PiCCO  [Philips,  Netherlands], 
LiDCO  [LiDCO  Group  PLC,  London,  UK], 


etc.),  esophageal  Doppler  monitoring  (EDM) 
of  aortic  blood  flow  (e.g.  CardioQ-ODM, 
Deltex  Medical,  West  Sussex,  UK),  and  left 
ventricular  outflow  tract  velocity-time  integral 
(LVOT  VTi)  obtained  by  transthoracic  echo¬ 
cardiography  (TTE). 

An  end-expiratory  occlusion  (EEO)  maneuver 
can  be  used  to  determine  volume  responsiveness 
of  both  the  right  and  left  ventricle  together.  This 
is  essentially  an  end-expiratory  hold  for  15  s  in  a 
passive,  mechanically  ventilated  patient,  during 
which  time  preload  to  the  right  heart  and  then  left 
heart  increases.  If  both  the  RV  and  LV  are  vol¬ 
ume  responsive  in  parallel,  then  PP,  SV,  and  Cl 
will  increase  during  this  maneuver.  Table  3.1 
compares  these  techniques. 

There  are  important  limitations  to  these  dynamic 
measurements.  Most  of  these  measurements 
have  only  been  validated  in  patients  who  are  in  a 
sinus  rhythm,  completely  passive,  and  receiving 
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Fig.  3.5  Effects  of  positive  pressure  ventilation  on  IVC  PPV  pulse  pressure  variation,  SW  stroke  volume  varia- 

diameter  and  stroke  volume  variation.  RV  right  ventricle,  tion,  LV  left  ventricle 

IVC  inferior  vena  cava,  ADIVC  change  in  diameter  of  IVC, 
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Table  3.1  Predictors  of  volume  responsiveness  during  mechanical  ventilation3 


Measurement 

Technique 

Threshold  for  predicting  volume 
responsiveness 

PPV 

Arterial  waveform  tracing 

>13% 

SVV 

Pulse  contour  analysis 

Esophageal  Doppler  monitor 

LVOT  VTi  using  TTE 

>10-13% 

PVI 

Plethysmography 

>10-15% 

ADIVc 

TTE 

>12-18% 

APP  or  ACI  during  EEO 

Arterial  waveform  tracing 

PAC 

Pulse  contour  analysis 

Esophageal  Doppler  monitor 

>5  %  increase 

PPV  pulse  pressure  variation,  SVV  stroke  volume  variation,  LVOT  left  ventricular  outflow  tract,  VTi  velocity-time  inte¬ 
gral,  TTE  transthoracic  echocardiography,  PVI  plethysmography  variation  index,  ADIVC  change  in  diameter  of  inferior 
vena  cava,  APP  change  in  pulse  pressure,  ACI  change  in  cardiac  output,  EEO  end-expiratory  occlusion,  PAC  pulmonary 
artery  catheter 

aRequirements  include:  passive  patient,  tidal  volume  at  least  8  mL/kg  ideal  body  weight,  sinus  rhythm 


Starting  position 
Check  baseline  CO 


Supine  with  legs  elevated 
for  1-3  min 

Recheck  CO  for  positive 
response 


Return  to  baseline  position 

Give  IV  fluid  bolus  if  positive 
response 


Fig.  3.6  Technique  for  positive  passive  leg  raising.  CO  cardiac  output 


volume  controlled  breaths  of  at  least  8  mL/kg  tidal 
volume — conditions  that  apply  to  very  few  ICU 
patients  in  common  practice.  Furthermore,  using 
indices  of  LV  volume  responsiveness  in  isolation 
may  be  misleading  in  patients  with  RV  dysfunction 
(i.e.  massive  pulmonary  embolism  or  pulmonary 
hypertension).  These  patients  will  have  marked 
respiratory  variation  of  SV  and  PP  because  the  LV 
is  relatively  empty  and  preload  dependent;  how¬ 
ever,  the  RV  may  be  completely  volume  over¬ 
loaded.  If  the  RV  itself  is  overloaded,  giving 
intravenous  fluid  will  not  improve  LV  output  and 
may  cause  hemodynamic  deterioration  (as  seen  in 


the  case  presentation).  Combining  SVV  or  PPV 
with  an  EEO  maneuver  or  bedside  echocardiogra¬ 
phy  will  help  prevent  this  misinterpretation.  Finally, 
decreased  respiratory  system  compliance  (e.g. 
severe  ARDS,  massive  ascites,  morbid  obesity, 
etc.)  may  decrease  the  sensitivity  of  SVV  or  PPV; 
however,  the  accuracy  of  EEO  appears  unaffected 
by  changes  in  compliance  or  positive  end- 
expiratory  pressure  [26,  27]. 

Passive  leg  raising  (PLR)  may  be  the  most 
accurate  and  widely  applicable  assessment  of 
volume  responsiveness  (Fig.  3.6).  For  this  test,  a 
patient  is  laid  supine  and  his/her  legs  are  lifted  up 
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Table  3.2  Thresholds  for  predicting  volume  responsive¬ 
ness  using  passive  leg  raising  (PLR) 


Measurement 

Technique 

Threshold  for 
predicting  volume 
responsiveness 

Pulse 

pressure 

Arterial  waveform 
tracing 

Increase 

>12-15% 

Stroke 

volume 

Pulse  contour 
analysis 

Esophageal 

Doppler 

monitoring 

LVOT  VTi  using 
TTE 

PAC 

Increase 

>12-15% 

Cardiac 

output, 

Cardiac 

index 

Pulse  contour 
analysis 

Esophageal 

Doppler 

monitoring 

LVOT  VTi  using 
TTE 

PAC 

Increase 

>12-15% 

Quantitative  end 
tidal  C02 

Increase  >5  % 

LTOTTeft  ventricular  outflow  tract,  VTi  velocity-time  inte¬ 
gral,  TTE  transthoracic  echocardiography,  PAC  pulmo¬ 
nary  artery  catheter 


to  45°  and  held  up  for  1-3  min;  if  SV,  PP,  CO  or 
Cl  increase  by  12-15%,  the  patient  is  highly 
likely  to  be  volume  responsive  (Table  3.2)  [26, 
28,  29];  continuous  cardiac  output  monitoring  is 
preferred  for  real-time  assessments.  As  a  surro¬ 
gate  for  increased  CO,  a  5  %  or  more  increase  in 
ECT02  during  PLR  is  also  predictive  of  volume 
responsiveness,  although  this  is  not  as  sensitive 
[30].  The  PLR  retains  its  accuracy  regardless  of 
active  respiratory  efforts,  tidal  volume,  level  of 
sedation,  or  cardiac  rhythm.  Interpretation  may 
be  difficult  in  cases  of  massive  ascites,  abdominal 
compartment  syndrome,  or  high  pain  response  to 
the  maneuver,  and  it  should  not  be  attempted  in 
patients  with  elevated  intracranial  pressure. 

Bedside  Echocardiography 

After  assessment  of  volume  responsiveness  and 
initiating  intravenous  fluids  as  indicated,  bedside 
echocardiography  (BE)  is  the  first  test  of  choice  to 
investigate  undifferentiated  shock  [1].  Bedside 


echocardiography  has  been  demonstrated  to  assist 
greatly  in  the  determination  of  shock  etiology  in 
multiple  clinical  arenas.  In  the  emergency  setting, 
BE  (along  with  multi-organ  focused  ultrasonogra¬ 
phy)  can  accurately  differentiate  between  hypo¬ 
volemic,  cardiogenic,  and  obstructive  causes  of 
shock  in  patients  with  undifferentiated  hypoten¬ 
sion,  and  allow  the  examiner  to  correctly  priori¬ 
tize  the  most  likely  diagnoses  in  a  timely  fashion 
with  high  specificity  and  accuracy  [31-34].  A 
simple,  standardized  approach  to  bedside  ultra¬ 
sound  in  undifferentiated  hypotension  has  been 
shown  to  reduce  diagnostic  uncertainty,  alter 
medical  management,  and  influence  the  diagnos¬ 
tic  or  therapeutic  plan  in  about  one  quarter  of 
emergency  cases  [35]. 

In  the  ICU  setting,  BE  within  the  first  24  h  has 
been  shown  to  significantly  alter  management  in 
patients  with  hypotension,  leading  to  less  fluid 
administration  and  earlier  use  of  inotropic  sup¬ 
port  in  many  patients,  reducing  absolute  mortal¬ 
ity  by  10%  in  a  small  series  [36].  In  the 
perioperative,  postoperative,  and  general  ICU 
settings,  echocardiography  has  been  shown  to 
accurately  differentiate  hypovolemia,  volume 
overload,  cardiac  tamponade,  and  hemodynami- 
cally  significant  right  or  left  ventricular  dysfunc¬ 
tion  that  otherwise  may  have  otherwise  gone 
undiagnosed  [37-40]. 

There  are  several  protocols  for  the  use  of 
point-of-care  ultrasound  in  the  hypotensive 
patient,  and  the  key  similarities  among  them  are 
the  systematic  evaluation  of  cardiac  function, 
pericardial  effusion,  I  VC  diameter  and  variabil¬ 
ity,  pneumothorax,  and  sources  of  potential  hem¬ 
orrhage  [41,  42].  When  examining  a  hypotensive 
patient  with  ultrasound,  the  echocardiographic 
portion  is  the  most  important.  The  examiner 
should  start  with  a  subxiphoid  view  of  the  heart, 
determining  any  obvious  decrease  in  global 
contractility  as  well  as  the  presence  of  any  sig¬ 
nificant  pericardial  effusion.  A  large  pericardial 
effusion  in  the  presence  of  hypotension  is  highly 
concerning  for  tamponade  (Fig.  3.7).  From  the 
same  location,  the  I  VC  should  be  located  and 
assessed  for  respiratory  variation,  with  a  varying 
diameter  or  collapse  suggestive  of  volume 
responsiveness  (Fig.  3.8).  Parasternal  and  apical 
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Fig.  3.7  Cardiac  tamponade  causing  right  ventricular 
collapse  (transthoracic  echocardiogram,  subxiphoid 
view).  RV  right  ventricle,  LV  left  ventricle 


views  should  be  used  to  estimate  global  RV  and 
LV  systolic  function  (Fig.  3.9),  RV  size  com¬ 
pared  to  LV  size,  and  of  utmost  importance,  the 
relationship  of  the  interventricular  septum 
(Fig.  3.10).  Dilation  of  the  RV  (i.e.  RV  diameter 
approaching  or  exceeding  LV  diameter)  and  bow¬ 
ing  of  the  septum  from  right  to  left  suggests  RV 
strain,  which  should  prompt  a  search  for  pulmo¬ 
nary  embolism  or  other  causes  of  RV  failure,  as 
well  as  dissuade  the  clinician  from  using  large 
fluid  boluses  or  positive  pressure  ventilation  if  it 
can  be  helped  [7].  After  the  cardiac  portion,  the 
examiner  should  look  for  bilateral  lung  sliding  to 
rule  out  pneumothorax,  free  intraperitoneal  fluid 
suggestive  of  hemorrhage,  and  abdominal  aorta 
dilation  >3  cm  concerning  for  aneurysm. 
Echocardiographic  patterns  of  shock  type  are 
summarized  in  Table  3.3. 


Fig.  3.8  IVC  variation  during  respiration  (transthoracic  virtually  no  respiratory  variation,  suggests  no  response  to 
echocardiogram,  subxiphoid  view),  a  vs.  b:  roughly  50%  fluid  bolus.  IVC  inferior  vena  cava,  RA  right  atrium,  HV 
IVC  variation,  suggests  volume  responsiveness,  c  vs.  d:  hepatic  vein 
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Fig.  3.9  (a)  Global  assessment  of  left  ventricular  con¬ 
tractility  (transthoracic  echocardiogram,  parasternal  long 
axis).  A  vs.  B :  roughly  50%  decrease  in  LV  cavity,  sug¬ 
gests  normal  contractility.  C  vs.  D:  roughly  25  %  decrease 
in  LV  cavity,  suggests  moderately  depressed  contractility. 
LV  left  ventricle,  MV  mitral  valve,  AV  aortic  valve,  A  and 
C  diastole,  B  and  D  systole,  (b)  Global  assessment  of  left 


ventricular  contractility  (transthoracic  echocardiogram, 
parasternal  short  axis).  A  vs  B:  roughly  40%  decrease  in 
LV  cavity,  suggests  mildly  reduced  contractility.  C  vsO: 
almost  no  decrease  in  LV  cavity,  suggests  severely 
reduced  contractility.  LVleft  ventricle,  A  and  C  diastole,  B 
and  D  systole 
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Fig.  3.9  (continued) 


Fig.  3.10  RV-LV  size  relationship  and  position  of  intra¬ 
ventricular  septum  (transthoracic  echocardiogram,  para¬ 
sternal  short  axis),  (a)  Normal  relative  RV  and  LV  size, 
septum  forms  a  contiguous  circle  with  the  LV.  (b)  Dilation 


of  the  RV  with  septal  flattening  (“D-sign”)  and  compres¬ 
sion  of  the  LV,  indicates  RV  strain/overload.  RV  right  ven¬ 
tricle,  LV  left  ventricle,  dashed  line  flattened  septum 
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Table  3.3  Echocardiographic  patterns  of  shock  types 


Shock  type 

Suggestive  echocardiographic  findings 

Hypovolemia 

IVC  collapsing  on  active  inspiration 

Widely  variable  IVC  diameter  with  respiration 

Hyperdynamic  RV  and  LV 

Distributive 

IVC  collapsing  on  active  inspiration 

Widely  variable  IVC  diameter  with  respiration 

Hyperdynamic  RV  and  LV 

Cardiogenic — 
Obstructive 

Pneumothorax — absent  lung  sliding,  identification  of  lung  point 

Tamponade — pericardial  effusion  +  distended,  non- varying  IVC  ±  RV  collapse  during 
diastole 

Pulmonary  Embolism — distended,  non-varying  IVC,  RV  dilation,  septal  bowing,  decreased 

RV  contractility 

Cardiogenic — RV 

Distended,  non- varying  IVC 

RV  dilation 

Septal  bowing 

Decreased  RV  contractility 

Cardiogenic — LV 

Decreased  LV  contractility 

Dilated  LV  and/or  LA  ±  distended,  non-varying  IVC 

IVC  inferior  vena  cava,  RV  right  ventricle,  LV  left  ventricle 

Summary 

fluid  and  aorta  caliber,  to  further  differentiate 

Medically  complex  patients  in  shock  should  be 
assumed  to  have  multiple  shock  types  occurring 
simultaneously,  and  it  may  be  difficult  to  dif¬ 
ferentiate  these  clinically.  The  use  of  static  fill¬ 
ing  pressures  such  as  CVP  and  PAOP  are  not 
helpful  in  determining  which  shock  type(s)  is/ 
are  present  or  in  determining  whether  intrave¬ 
nous  fluids  will  improve  cardiac  output. 
Targeting  a  specific  CVP  as  a  marker  of  ade¬ 
quate  volume  resuscitation  is  inappropriate,  as 
positive  fluid  balance  and  elevated  CVP  have 
been  associated  with  increased  mortality,  par¬ 
ticularly  in  septic  shock.  The  most  important 
steps  in  the  approach  to  undifferentiated  shock 
are  (1)  determination  of  volume  responsive¬ 
ness,  and  (2)  bedside  echocardiography.  There 
are  multiple  methods  of  determining  volume 
responsiveness,  with  passive  leg  raising  being 
the  most  accurate  and  widely  applicable.  After 
determining  the  appropriateness  of  a  fluid  chal¬ 
lenge,  bedside  echocardiography  should  be 
used  to  look  for  I  VC  size  and  variation,  pericar¬ 
dial  effusion,  RV  size,  and  interventricular  sep¬ 
tal  bowing,  with  added  lung  views  for 
pneumothorax  and  abdominal  views  for  free 


shock  type  and  guide  the  use  of  fluids,  pressors. 
inotropes,  or  other  specific  therapies. 
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Case  Presentation 

A  previously  healthy  35  year  old  male  presented 
as  a  Level  I  trauma  after  a  motor  vehicle  acci¬ 
dent  in  which  he  was  the  restrained  driver.  There 
was  extensive  intrusion  on  the  front  end  of  the 
vehicle  requiring  extrication  of  the  patient. 
Airbag  did  not  deploy.  He  was  reportedly  hypo¬ 
tensive  and  confused  in  the  field.  An  1 8  gauge  IV 
was  placed  and  a  500  mL  NS  bolus  initiated 
prior  to  arrival.  In  the  Emergency  Department, 
his  initial  vitals  were  significant  for  a  heart  rate 
of  140  and  blood  pressure  of  72/48.  Primary  sur¬ 
vey  demonstrated  an  intact  airway,  bilateral 
breath  sounds,  2+  pulses  in  all  four  extremities, 
and  a  Glasgow  Coma  Score  (GCS)  of  1 1  with  no 
obvious  focal  disability  on  full  exposure.  The 
patient  was  pale,  had  a  large  left-sided  frontal 
scalp  contusion,  and  had  obvious  bruising  of  the 
lower  chest  and  right  abdomen.  A  bedside 
Extended  Focused  Assessment  with  Ultrasound 
in  Trauma  (E-FAST)  exam  showed  free  fluid  in 
Morison’s  pouch  (Fig.  4.1).  The  remaining 
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E-FAST  views  showed  no  evidence  of  hemo- 
pneumothorax,  pericardial  fluid,  myocardial 
wall-motion  abnormalities,  or  fluid  in  the  sple¬ 
norenal  or  recto  vesicular  spaces.  Trauma- 
protocol  chest  and  pelvis  x-rays  were  negative. 

Question  What  is  the  optimal  approach  to  man¬ 
agement  of  this  patient’s  presumed  traumatic 
hemorrhagic  shock;  specifically,  how  should 
intravascular  access,  fluid  resuscitation,  hemody¬ 
namic  end-points,  and  definitive  therapy  be 
prioritized? 

Answer  Hemostatic  resuscitation  prioritizing 
damage  control  surgery  &  massive  transfusion. 

This  patient  is  exsanguinating,  presumably 
secondary  to  traumatic  intraabdominal  injury, 
and  demonstrating  physiology  consistent  with 
decompensated  hemorrhagic  shock.  Injury  mech¬ 
anism  and  physical  exam  findings  are  also  con¬ 
cerning  for  concurrent  traumatic  brain  injury.  As 
with  all  types  of  shock,  prioritization  is  given  to 
reversal  of  the  inciting  etiology  and  concurrent 
mitigation  of  tissue  hypoperfusion  caused  by  the 
precipitating  shock  state. 

After  confirming  an  intact  airway  and  bilateral 
breath  sounds,  this  patient’s  management  appro¬ 
priately  focused  on  cardiovascular  optimization 
and  hemodynamic  support.  Two  additional  proxi¬ 
mal  16  gauge  peripheral  IV’s  were  placed.  The 
crystalloids  which  were  initiated  in  the  field  were 
discontinued.  Non-crossed  0+  packed  red  blood 
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Fig.  4.1  Extended  Focused  Assessment  with  Ultrasound 
in  Trauma  (E-FAST)  scan  showing  free  fluid  surrounding 
the  liver  border  in  a  polytrauma  patient  (Reproduced  with 
permission  of  Huang  and  Fung) 

cells,  along  with  fresh  frozen  plasma  and  pooled 
platelets,  were  rapidly  hand-delivered  and  infused 
in  a  1 : 1 : 1  ratio  per  the  institutional  massive  trans¬ 
fusion  protocol.  As  he  is  within  the  3-h  window, 
tranexamic  acid  is  administered  to  inhibit  fibrino¬ 
lysis.  Simultaneously,  electrolytes  were  aggres¬ 
sively  repleted  and  his  acidosis  corrected.  A 
multidisciplinary  Trauma  team  agreed  on  a  mean 
arterial  pressure  goal  of  75  mmHg  in  an  effort  to 
maintain  cerebral  perfusion  pressure  in  the  set¬ 
ting  of  probable  traumatic  brain  injury,  remaining 
cognizant  to  avoid  overcorrection  and  resultant 
disruption  of  intrinsic/protective  hemostatic 
mechanisms. 

After  initial  evaluation/stabilization  in  the 
Emergency  Department,  the  patient  was  trans¬ 
ported  first  for  head  CT,  which  did  not  show 
intracranial  hemorrhage,  then  to  the  operating 
room  for  exploratory  laparotomy.  Damage  con¬ 
trol  surgery,  including  splenectomy  and  partial 
small  bowel  resection  without  reanastamosis, 
was  performed.  The  patient  was  then  trans¬ 
ferred  to  the  ICU  with  an  abdominal  wound 
vacuum  device  in  place.  Hemodynamic  optimi¬ 
zation  was  continued,  utilizing  a  combination 
of  blood  products,  pressors,  and  intravenous 


fluids.  Markers  of  tissue  perfusion,  including 
central  venous  oxygen  saturations  (Scv02)  and 
serial  lactate  levels,  improved  and  the  patient 
was  taken  back  to  the  operating  room  for 
reanastamosis  and  closure. 

Principles  of  Management 
Hypovolemic  Shock 

We  will  first  review  fundamentals  of  the  manage¬ 
ment  of  hypovolemic  shock  regardless  of  etiol¬ 
ogy,  then  focus  on  elements  unique  to  treating 
patients  with  hemorrhagic  shock. 

Establish  Adequate  IV  Access 

Flow  rates  achieved  for  potential  life-saving  fluid 
resuscitation  depend  on  the  device  used.  In  agree¬ 
ment  with  Poiseuille’s  law,  the  ideal  cannula 
should  be  a  short,  large-bore  (at  least  18  g),  and 
placed  in  a  proximal  large  vein  in  the  upper 
extremity.  If  a  central  venous  catheter  (CVC)  is 
the  only  available  access,  the  addition  of  a  pres¬ 
sure  bag  makes  a  greater  difference  on  flow  rate 
than  with  an  equivalent  peripheral  cannula  [1]. 
However,  in  a  resuscitation  setting,  intraosseous 
(10)  access  has  higher  first  pass  success  and 
shorter  procedure  times,  making  it  preferable  to 
CVC  insertion  if  peripheral  access  cannot  be  rap¬ 
idly  obtained  [2] .  Of  the  three  approved  10  sites 
(proximal  tibia,  distal  tibia,  proximal  humerus), 
the  humerus  seems  to  be  the  superior  site  in  terms 
of  flow  rates,  drug  delivery,  and  management  of 
infusion  pain  [3]. 

Consider  Physiologic  Reserve 

Young  healthy  individuals  can  maintain  end- 
organ  perfusion  and  normotension  despite  sig¬ 
nificant  intravascular  loss  as  a  result  of  their 
ability  to  sustain  cardiac  output  through:  periph¬ 
eral  vasoconstriction,  compensatory  tachycardia, 
and  catecholamine  surge.  Thus,  substantial 
tachycardia  and  cool  extremities  should  be  rec¬ 
ognized  as  markers  of  imminent  decompensation 
and  cardiovascular  collapse  in  these  individuals 
[4].  Conversely,  systemic  diseases  (e.g.  chronic 
kidney  disease,  hypertension,  diabetes,  cirrhosis, 
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chronic  heart  failure)  and/or  pharmacotherapies 
(e.g.  alcohol,  antihypertensives,  anti- arrhythmic s, 
P-blockers,  steroids,  insulin)  can  both  limit  phys¬ 
iological  reserve  and  also  delay  detection  of 
shock  when  patients  do  not  manifest  classic  signs 
of  hypovolemia. 

Monitor  Volume  Responsiveness 

Fundamentally,  “fluid  responsiveness”  means 
that  stroke  volume  (and  thus  cardiac  output, 
given  stable  heart  rate)  will  improve  if  fluids  are 
administered.  Administering  fluid  to  a  volume 
unresponsive  patient  can  negatively  affect  car¬ 
diac  output  directly  and  has  other  potential  side 
effects  such  as  pulmonary  edema,  abdominal 
compartment  syndrome,  and  cerebral  edema. 
Traditionally  an  increase  in  stroke  volume  of 
10-15  %  after  receiving  an  adequate  bolus  (rapid 
infusion  of  at  least  250  cc)  is  considered  a  posi¬ 
tive  test  of  volume  responsiveness  [5].  Several 
techniques  and  technologies  exist  to  help  make 
this  determination  without  actually  administer¬ 
ing  a  volume  expander,  but  each  has  its  own 
unique  challenges  and  limitations.  Please  refer 
to  the  “Undifferentiated  Shock”  chapter  for  a 
more  detailed  discussion. 

Administer  the  Appropriate  Fluid(s) 

The  ideal  fluid  used  to  replete  intravascular 
depletion  is  very  much  dependent  on  the  precipi¬ 
tating  etiology.  With  gastrointestinal  losses, 
thoughtful  repletion  of  electrolytes  is  indicated. 
With  acute  blood  loss,  sanguineous  resuscitation 
is  clearly  preferable.  Importantly,  tissue  perfu¬ 
sion  and  oxygen  delivery  are  the  goals,  and  that 
optimization  of  cardiac  output  and  oxygen  carry¬ 
ing  capacity  are  the  means. 

Track  Endpoints  of  Resuscitation 

Normalization  of  vital  signs  alone  is  insuffi¬ 
cient  evidence  of  resolution  of  shock;  indeed, 
poor  tissue  perfusion  can  often  persist  and 
lead  to  ongoing  accumulation  of  oxygen  debt 
and  tissue  damage  (see  Fig.  4.2).  More  appro¬ 
priate  markers,  which  account  for  perfusion 
of  the  microcirculation,  include  central 
venous  oxygen  saturation  (Scv02)  and  lactate 
clearance  [6,  7]. 


Hemorrhagic  Shock 

Hemostatic  resuscitation  refers  to  the  process  of 
restoring  and  sustaining  normal  tissue  perfusion 
to  the  patient  presenting  in  uncontrolled  hemor¬ 
rhagic  shock,  with  an  emphasis  on  preservation 
of  effective  clotting. 

Expedite  Anatomic  Control  of  Bleeding 

Immediate  control  of  ongoing  hemorrhage  is  always 
the  first  priority.  This  may  simply  require  direct  pres¬ 
sure  or  other  straightforward  maneuvers  for  brisk 
external  bleeds  (e.g.  staple  closure  for  scalp  wound 
or  nasal  pack  for  epistaxis).  Depending  on  the 
source,  however,  Gastroenterology,  Interventional 
Radiology,  or  Surgery  consultation  may  be  required 
for  specific  hemostatic  interventions. 

Utilize  Damage  Control  Surgery 

The  initial  surgery  on  a  hemodynamically  unsta¬ 
ble,  actively  bleeding  patient  should  be  focused 
on  anatomic  control  of  bleeding,  with  repair  of 
less  significant  injuries  or  time-intensive  proce¬ 
dures  deferred.  Once  hemostasis  is  achieved,  the 
patient  is  transferred  to  the  intensive  care  unit  for 
completion  of  resuscitation  [8].  Subsequent  oper¬ 
ative  interventions  are  later  performed  once  the 
patient  is  hemodynamically  stable. 

Allow  for  Permissive  Hypotension 

While  the  goal  of  resuscitation  in  general  is  to 
restore  normal  systemic  oxygen  delivery,  during 
early  resuscitation  the  advantage  of  reducing 
ischemia  must  be  weighed  against  the  iatrogenic 
prolongation  of  hemorrhage.  Indeed,  attempting 
to  achieve  normotension  during  active  hemor¬ 
rhage  consistently  increases  mortality  [9,  10].  In 
penetrating  trauma  patients,  resuscitation  to  a  tar¬ 
get  minimum  MAP  of  50  mmHg,  rather  than 
65  mmHg,  significantly  decreases  postoperative 
coagulopathy  and  lowers  the  risk  of  early  postop¬ 
erative  death  and  coagulopathy  [11]. 

Correct  and  Reverse  Augmenting 
Factors  of  Coagulopathy  and  Shock 

In  the  exsanguinating  patient,  the  so-called  “lethal 
triad”  of  coagulopathy,  acidosis,  and  hypothermia 
predict  morality  and  must  be  corrected  (see  Fig.  4.3). 
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Delivery  dependent  Delivery  independent 


Fig.  4.2  The  relationship  between  oxygen  delivery  and 
oxygen  consumption  in  shock.  When  D02  decreases  to  less 
than  the  value  for  critical  delivery  (DCbcrit),  oxygen  con¬ 
sumption  (V02)  is  linearly  dependent  on  the  delivery  of 
oxygen  to  the  tissues  (D02).  In  the  delivery-dependent 
region,  oxygen  extraction  ratio  is  maximal  and  anaerobic 
metabolism  increases  with  an  associated  increase  in  lactate 
and  decrease  in  SV02.  This  region  to  the  left  of  D02crit  is 


where  oxygen  debt  starts  to  accumulate.  D02=Ca02xC0 
(normal  range:  460-650  ml/min/m2);  V02=C0  x  (Ca02  - 
CV02)  (normal  range:  96-170  ml/min/m2);  Ca02  (arterial 
oxygen  content)  =  (Hb  x  1 .34  x  Sa02)  +  (0.003  x  Pa02); 
CV02 = (Hb  x  1 .34  x  SV02) + (0.003  x  PV02).  CO  cardiac 
output,  Pa02  arterial  oxygen  tension,  Hb  hemoglobin. 
SV02  normal  range:  70%  (±5  %)  [34] 


Fig.  4.3  The  so-called  “lethal  triad”  whereby  the  combi¬ 
nation  of  hypothermia,  acidosis,  and  coagulopathy  con¬ 
tribute  toward  mortality  in  hemorrhagic  shock.  Iatrogenic 
etiologies  for  worsening  hemorrhage  include  use  of  crys¬ 
talloids  and  packed  red  blood  cells  (PRBC).  Both  directly 
worsen  hypothermia  if  not  warmed  and  contribute  to  dilu- 
tional  coagulopathy,  the  latter  if  platelets  and  fresh  frozen 
plasma  are  not  concurrently  infused 

Several  studies  have  demonstrated  that  patients 
with  altered  coagulation  function  at  the  time  of  hos¬ 
pital  admission  have  substantially  worse  outcomes 
than  similar  patients  who  are  not  coagulopathic, 
even  when  controlling  for  degree  of  injury 
[12, 13]. 


Minimize  Crystalloid  Administration 

Indiscriminate  fluid  administration  during  uncon¬ 
trolled  hemorrhage  is  associated  with  increased 
bleeding.  Relative  arterial  hypertension  caused 
by  augmented  cardiac  output  via  the  Frank- 
Starling  relationship,  forces  more  fluid  out  of  the 
damaged  circulation,  and  can  “wash  away”  early 
clots.  Furthermore,  asanguineous  crystalloids 
dilute  the  concentration  of  red  cells,  clotting  fac¬ 
tors,  and  platelets,  impairing  both  oxygen  carry¬ 
ing  capacity  and  the  clotting  cascade  [14]. 
Exogenous  fluids  are  also  likely  to  be  cooler  than 
body  temperature,  contributing  to  hypothermia. 
Finally,  rapid  administration  of  crystalloids  dam¬ 
ages  the  endothelial  glycocalyx,  leading  to 
increased  extravasation  [15]. 

Preserve  Formed  Clot 
with  Antifibrinolytics 

The  CRASH-2  trial  randomized  20,000  trauma 
patients  worldwide  to  receive  either  placebo  or 
tranexamic  acid,  and  demonstrated  a  significant 
survival  benefit  with  this  therapy  when  administered 
within  3  h  of  injury.  Interestingly,  there  was  no  dif¬ 
ference  in  transfusion  requirements  between  the 
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groups,  suggesting  that  tranexamic  acid  may  have 
effects  in  addition  to  antifibrinolysis.  The  earlier 
the  drug  was  administered,  the  more  positive  the 
effect  [16]. 

Replace  Losses  via  Transfusion  Therapy 

In  the  setting  of  brisk  hemorrhage,  the  ideal  fluid 
of  choice  is  fresh  whole  blood  (FWB).  Blood 
provides  the  intravascular  volume  expansion 
needed  to  increase  cardiac  output,  the  red  blood 
cells  necessary  for  oxygen  carrying  capacity, 
and  contains  the  platelets  and  clotting  factors 
which  enable  hemostasis  [17].  Importantly, 
hemoglobin  and  hematocrit  do  not  change  in 
acute  hemorrhage;  indeed,  these  measurements 
reflect  concentrations  of  red  blood  cell  content, 
and  will  not  be  affected  until  compensatory  fluid 
shifts  from  the  intra-  and  extra-cellular  spaces 
dilute  the  blood. 

Evidence  Contour 

Several  aspects  regarding  the  management  of 
hypovolemic  and  hemorrhagic  shock  remain 
without  clear  consensus. 

Hypovolemic  Shock 

The  ideal  fluid  for  hypovolemic  shock  secondary 
to  asanguineous  losses  should  reliably  expand 
intravascular  volume;  have  a  sustained  effect 
without  accumulation  in  tissues,  and  replete 
whole-body  deficits,  while  minimizing  side- 
effects  (electrolyte  disturbances,  third-spacing, 
acidosis,  hemodilution)  and  cost.  Unfortunately, 
no  such  fluid  exists;  so  much  debate  exists  sur¬ 
rounding  which  “non-ideal”  fluid  to  use. 

Normal  Saline  vs  Balanced  Solutions 

Normal  saline  has  traditionally  been  the  most 
widely-used  crystalloid  in  the  United  States. 
Increasing  evidence,  however,  suggests  that  exces¬ 
sive  chloride  loads  are  associated  with  negative 
outcomes.  Among  patients  with  systemic  inflam¬ 
matory  response  syndrome  (SIRS),  chloride- 
restrictive  fluid  resuscitation  is  associated  with 


lower  in-hospital  mortality  [18].  Furthermore, 
implementation  of  a  chloride-restrictive  resusci¬ 
tation  is  associated  with  a  significant  decrease  in 
the  incidence  of  acute  kidney  injury  and  use  of 
renal  replacement  therapy  [19].  Commercially 
available  chloride-restrictive  fluids  include  the 
crystalloids  Lactated  Ringers  and  Plasma-Lyte, 
as  well  as  the  colloids  albumin  and  several  syn¬ 
thetic  gelatin-  or  hydroxy  ethyl  starch  (HES)- 
based  preparations. 

Role  of  Albumin 

The  Saline  versus  Albumin  Fluid  Evaluation 
(SAFE)  study  showed  no  significant  difference  in 
rate  of  death  or  development  of  organ  failure 
among  ICU  patients  randomized  to  normal  saline 
or  albumin  resuscitation.  Subgroup  analysis  sug¬ 
gests  that  use  of  albumin  in  patients  with  trau¬ 
matic  brain  injury  was  associated  with  a 
significant  increase  in  rate  of  death  at  2  years 
while  albumin  is  associated  with  a  significant 
decrease  in  the  rate  of  death  at  28  days  in  patients 
with  severe  sepsis  [20] . 

Use  and  Timing  of  Pressors 

Even  in  patients  with  “pure”  hypovolemic  shock, 
vasopressors  can  and  should  be  used  as  a  bridge 
while  volume  is  infused  and  then  titrated  off  as 
the  volume  deficit  is  overcome  [21].  The  aim  is  to 
preserve  coronary  perfusion  pressure  (CPP)  (aor¬ 
tic  diastolic  pressure  (ADP)  -  pulmonary  artery 
wedge  pressure  (PAWP))  and  thus  prevent  isch¬ 
emic  injury  and  secondary  cardiogenic  shock. 
Many  experts  suggest  that  a  target  ADP  of 
35-40  mmHg  is  likely  adequate;  however,  in 
patients  with  preexisting  conditions  that  increase 
baseline  PAWP  (e.g.  pulmonary  hypertension), 
the  ADP  goal  should  be  correspondingly 
increased  [22,  23]. 

Hemorrhagic  Shock 

Adequately  powered  clinical  trials  addressing  the 
question  of  optimal  resuscitation  of  massively 
bleeding  patients  are  lacking.  Instead,  a  large  num¬ 
ber  of  retrospective  studies  and  systematic  reviews 
concerning  this  topic  have  been  published, 
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although  the  interpretation  of  the  currently  avail¬ 
able  data  differs  substantially.  Figure  4.4  demon¬ 
strates  a  theoretical  framework  for  the  treatment  of 
hemorrhagic  shock.  Figure  4.5  incorporates  this 
information  with  logistical  considerations  neces¬ 
sary  for  implementing  an  institutional  massive 
transfusion  protocol. 

Massive  Transfusion  Protocol 

Studies  of  both  military  and  civilian  trauma  patients 
have  demonstrated  that  those  receiving  high  ratios 
of  both  fresh  frozen  plasma  (FFP)  and  platelets 
(PLT)  to  red  blood  cells  (RBC)  have  the  highest 
survival,  suggesting  that  the  ideal  transfusion  ratio 


is  1:1:1  FFP:PLT:RBC.  However,  close  inspection 
of  many  of  these  studies  reveals  important  limita¬ 
tions  in  their  interpretation,  namely  a  prominent 
effect  of  survivor  bias  [24].  While  the  optimal  mas¬ 
sive  transfusion  protocol  ratio  remains  elusive,  it 
does  appear  that  an  early  and  more  balanced 
approach  to  transfusion  is  associated  with  improved 
outcomes  [25]. 

Ionized  Calcium  Repletion 

Hypocalcemia  can  complicate  massive  transfu¬ 
sion  as  a  result  of  the  citrate  anticoagulant  in 
blood  products  (FFP&PLT>PRBC).  Formation 
and  stabilization  of  fibrin  polymers  is  dependent 
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Fig.  4.4  One  reasonable  algorithm  for  treatment  of  hem¬ 
orrhagic  shock  incorporating  principles  of  hemostatic 
resuscitation.  Of  primary  importance  is  anatomic  control 
of  bleeding.  Concurrently,  goal-directed  transfusion  of 
blood  products  and  anti-fibrinolytics  are  administered  to 
preserve  cardiac  output,  oxygen  carrying  capacity,  and  the 
ability  to  form  and  preserve  clots.  As  with  any  shock  state 
correction  of  electrolyte  abnormalities,  hypothermia,  and 


oxygenation/ventilation  issues  is  indicated  while  tracking 
endpoints  of  resuscitation  including  serum  pH,  lactate, 
and  Scv02.  RBC  red  blood  cells,  FFP  fresh  frozen  plasma, 
PLT  platelets,  Hgb  hemoglobin,  VHA  viscoelastical 
hemostatic  assay,  VTE  venous  thromboembolism,  Ca2+ 
serum  calcium,  K+  serum  potassium,  Pa02  partial  pressure 
of  oxygen  in  blood,  PaC02  partial  pressure  of  carbon 
dioxide  in  blood,  Scv02  central  venous  oxygen  saturation 
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Massive  Transfusion  Protocol  (MTP) 


Appropriate  Initial  Interventions: 

■  Intravenous  access  -  2  large  bore  IVs  and  Centrol  Venous  Cath 

■  Labs:  T&S,  CBC,  Pits,  INR,  PT,  PTT,  Fibrinogen,  Electrolytes, 
BUN/Creatinine,  ionized  calcium 

■  Continual  monitoring:  VS,  U/O,  Acid-base  status 

■  Aggressive  re-warning 

■  Prevent  /  Reverse  aicdosis 

■  Correct  hypocalcemia:  CaGluconate  or  Cacl 

■  Target  goal  ionized  calcium  1.2  -1.3 

■  If  use  CaC1 1  gm,  give  slowly  IV 

■  Repeat  lab  testing  to  evaluate  coagulopathy 

■  Stop  crystallcid  -  avoid  dilutional  coagulopathy 

Other  considerations: 

■  Cell  salvage 

■  Heparin  reversal:  Protamine  Img  IV/100  U  heparin 


Identify  and  Manage  Bleeding 

(Surgery,  Angiographic  Embolization,  Endoscopy) 

O 

Adult:  4U  RBCs  in  <4  hours  and  ongoing  bleeding 

P  ~ 

Clinical  Team  Activates  MTP  &  Designates  Clinical  Contact 

Clinical  Contact  phones  Blood  Bank  (BB)  at  ***-  ****  and: 

Provides  name  of  clinical  contact  person  to  Blood  Bank  (BB) 

Provides  MR#,  sex,  name,  location  of  patient 

Records  name  of  BB  contact,  calls  if  location/contact  information  changes 

Sends  person  to  pick  up  the  cooler 

Ensures  that  MTP  protocol  elcetronic  order  is  entered 


Warfarin  reversal:  Vitamin  K  10  mg  IV;  Consider  Prothromin  Comp 
Chronic  Renal  Failure  +  VW  Factor;  DDAVP  0.3  mg/kg  IV  x  1  dose 
Consider  antifibrinoclytics: 

■  Tranexamic  acid  1  gm  bolus  plus  infusion  1  gm  over  8  hrs| 

■  Arricar  5  gm  IV  bolus  then  1  gm/hr  IV  infusion 


Additional  help 

■  Anesthesia  pager  *****  Trauma  Chief  pager  ’ 

■  Rapid  Response  Team  pager  ***** 

General  Guidelines  for  Lab-based  Blood  Component 
Replacement  in  Adults: 


Product  |  Threshold  I  Dose 


RBCs 

No  threshold 

MD  discretion 

FFP 

INR  >1.5 

4  units  FFP 

Platelets 

<  100,000 

One  5-pack  Pits 

Cryoprecipitate 

Fibrinogen  < 

Two  5-packs 

100 

Cryoprecipitate 

Clinical  Contact  calls  BB  at 
*****  for  another  MTP  pack 
MD  can  adjust  pack  based  on 
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Fig.  4.5  An  institutional  Massive  Transfusion  Protocol  component  blood  products,  and  triggers  for  activation  and 
detailing  the  initial  stabilization  steps,  necessary  contact  deactivation 
information,  relevant  electronic  medical  record  orders, 


on  ionized  calcium;  additionally,  decreased  intra¬ 
cellular  calcium  concentration  negatively  affects 
all  platelet-related  activities.  Equally  importantly, 
myocardial  contractility  and  systemic  vascular 
resistance  are  compromised  at  low  ionized  cal¬ 
cium  levels.  Taking  into  account  beneficial  car¬ 
diovascular  and  coagulation  effects,  ionized 
calcium  levels  should  be  maintained  above 
0.9  mmol/1  [26]. 

Point-of-Care  Monitoring 
the  Hemostatic  System 

Conventional  laboratory  tests  of  coagulation  are 
insensitive  in  detection  acquired  coagulopathy 
or  in  guiding  procoagulant  therapy  [27]. 
Viscoelastical  hemostatic  assays  (VHAs),  includ¬ 
ing  thrombelastography  (TEG®)  and  rotational 
thrombelastometry  (ROTEM®),  provide  rapid 


information  regarding  platelet  aggregation,  clot 
strengthening,  fibrin  cross-linking,  and  fibrinoly¬ 
sis,  and  thus  more  accurately  assess  global  hemo¬ 
static  potential.  Goal-directed  transfusion 
utilizing  VHAs  have  been  reported  to  reduce 
bleeding,  significantly  diminish  transfusion 
requirements,  and  improve  outcomes  in  cohort 
studies  [28]. 

Invasive  Non-surgical  Hemorrhage 
Control 

In  moribund  or  arresting  patients  with  exsanguinat¬ 
ing  noncompressible  hemorrhage  in  the  chest, 
abdomen,  or  pelvis,  resuscitative  thoracotomy  has 
traditionally  been  the  intervention  of  choice  in  the 
emergent  setting.  Unfortunately,  after  controlling 
for  relatively  easily  reversible  causes  of  traumatic 
obstructive  shock  (tension  pneumothorax  and 
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hemopericardium  with  tamponade),  outcomes  are 
quite  poor  and  the  procedure  itself  places  medical 
providers  at  risk  of  serious  injury  [29] .  Resuscitative 
endovascular  balloon  occlusion  of  the  aorta 
(REBOA)  offers  a  less  invasive  alternative  which 
effectively  allows  intravascular  aortic  cross-clamp 
thereby  limiting  further  hemorrhage  and  redistrib¬ 
uting  blood  supply  to  the  heart  and  brain  while 
definitive  source  control  is  performed  [30]. 

Timing  and  Role  of  Vasopressors 

Studies  using  animal  models  of  profound  hemor¬ 
rhagic  shock  demonstrate  improved  survival 
when  norepinephrine  or  vasopressin  (AVP)  is 
administered  early;  conversely,  epinephrine  and 
phenylephrine  have  been  associated  with  wors¬ 
ened  outcomes.  In  addition  to  improved  cardiac 
perfusion  pressure  detailed  previously,  the 
splanchnic  vasoconstriction  caused  by  these 
drugs  likely  augments  return  of  enteric  blood 
volume  to  the  central  circulation  and  can  also 
shunt  blood  away  from  commonly  bleeding 
organs  (e.g.  lacerated  liver)  [31].  At  present,  a 
multicenter,  randomized  controlled  trial 
(Vasopressin  in  Traumatic  Hemorrhagic 
Shock — VITRIS  study)  is  underway  to  evaluate 
the  effects  of  AVP  in  prehospital  management  of 
hemorrhagic  shock. 

Hemostatic  Resuscitation 
with  Concurrent  Head  Injury 

Hemorrhagic  shock  associated  with  moderate  to 
severe  head  injury  (GCS<12)  compounds  the 
clinical  picture,  and  controversies  exist  between 
the  so-called  cerebral  perfusion  pressure  (CPP) 
based  therapy  and  intracranial  pressure  (ICP) 
based  therapy  [32].  Considering  that  cerebral  isch¬ 
emia  is  the  single  most  important  secondary  factor 
influencing  outcome  following  traumatic  brain 
injury  (TBI),  maintenance  of  adequate  cerebral 
perfusion  pressure  (CPP = MAP  -  ICP)  is  arguably 
the  superior  strategy  in  most  cases.  Outside  the 
setting  of  impending  herniation  (where  ICP  must 
be  rapidly  lowered  awaiting  decompressive  man¬ 
agement),  consensus  guidelines  recommend  a 
CPP  target  of  50-70  mmHg  [33].  When  possible, 


monitoring  cerebral  oxygenation  in  individual 
patients  can  allow  liberalization  of  CPP  target  and 
thus  facilitate  permissive  hypotension  in  the  poly¬ 
trauma  patient. 
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Acute  Respiratory  Failure:  NIV 
Implementation  and  Intubation 
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Case  Presentation 

A  65  year-old  woman  with  a  history  of  ischemic 
cardiomyopathy  and  thromboembolic  stroke  pre¬ 
sented  with  dyspnea,  tachypnea  (respiratory  rate 
36  breaths/minute),  cough,  fever,  and  oxygen 
desaturation  to  85  %  despite  non-rebreather  mask 
at  10  L/min.  During  her  initial  resuscitation  she 
was  treated  with  noninvasive  ventilation  via 
bilevel  positive  airway  pressure  (BPAP)  ventila¬ 
tion.  Thirty  minutes  later,  the  patient’s  oxygen 
saturation  had  steadily  improved  to  94  %  on  Fi02 
of  0.7,  and  her  respiratory  rate  had  decreased  to 
28,  though  she  remained  febrile.  Initial  diagnos¬ 
tics  revealed  a  white  blood  cell  count  of  19,500. 
The  chest  x-ray  is  shown  below  in  Fig.  5.1. 

Question  What  is  the  next  appropriate  step  in 
the  management  of  this  patient? 

Answer  Depending  on  her  goals  of  care,  this 
patient  should  most  likely  be  intubated  and 
undergo  invasive  ventilation. 
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While  non-invasive  ventilation  has  been  shown 
to  be  effective  and  safe  in  patients  with  exacerba¬ 
tions  of  COPD  and  CHF,  other  conditions  are 
more  controversial.  The  use  of  NIV  in  patients 
with  pneumonia  who  progress  to  acute  respiratory 
failure  has  been  associated  with  a  high  failure  rate 
and  rapid  deterioration,  leading  to  worse  out¬ 
comes,  including  increased  mortality.  Both  NIV 
(Fig.  5.2)  and  the  use  of  high-flow,  heated,  humid¬ 
ified  oxygen  delivered  by  nasal  cannula  (Fig.  5.3) 
(see  section  “Evidence  Contour”)  may  improve 
respiratory  and  gas  exchange  parameters,  but  it  is 
challenging  to  predict  which  patients  will  defini¬ 
tively  improve  with  this  strategy.  Individualized 
care  and  continuous  bedside  reassessment  are 
essential.  In  this  case,  the  patient  was  emergently 
intubated  and  treated  with  broad-spectrum  antibi¬ 
otics  prior  to  ICU  admission.  After  4  days,  she 
was  successfully  extubated  and  transferred  to  the 
general  medical  ward,  where  she  continued  to 
improve  prior  to  discharge  on  oral  antibiotics. 

Principles  of  Management 
Definition 

Acute  respiratory  failure  manifests  as  hypox¬ 
emia  and/or  hypoventilation,  which  can  lead  to 
global  ischemia  and  acid/base  disturbances. 
Depending  on  patient  factors  and  the  type  of 
respiratory  failure,  patients  generally  require 
some  degree  of  respiratory  support,  ranging 
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Fig.  5.1  Chest  x-ray 

from  supplemental  oxygen  via  nasal  cannula  to 
high-flow  oxygen  therapy,  non-invasive  ventila¬ 
tion,  and  invasive  ventilation.  High-flow  oxygen 
therapy  can  be  delivered  via  face  mask  or  high 
flow  nasal  cannula  (Fig.  5.3).  The  term  non- 
invasive  ventilation  (NIV)  encompasses  all 
forms  of  mechanically  assisted  ventilation  with¬ 
out  an  artificial  airway  in  place.  NIV  refers  to 
both  negative  pressure  ventilation  (no  longer 
used  in  clinical  practice)  and  positive  pressure 
ventilation  modes,  which  include  continuous 
positive  airway  pressure  (CPAP)  and  bilevel 
positive  airway  pressure  (BPAP)  ventilation. 
Both  are  typically  delivered  via  a  tightly-fitting 
mask,  which  can  be  fitted  over  the  nose,  nose 
and  mouth,  face,  or  entire  head.  CPAP  delivers 
various  air/oxygen  ratios  at  a  constant  pressure 
throughout  both  inspiration  and  expiration, 
which  can  improve  alveolar  recruitment  and 
capillary  oxygen  delivery.  BPAP  provides  both 
this  continuous  level  of  baseline  expiratory  pos¬ 
itive  airway  pressure  (EPEP)  and  then  a  higher 
level  during  inspiration  (IPAP).  Depending  on 
the  settings,  cycling  between  these  two  pressure 
levels  is  triggered  by  the  patient  and/or  a  pre-set 
rate  chosen  by  the  clinician. 


Fig.  5.2  Non-invasive  ventilation  by  full  face  mask 


Fig.  5.3  Hi-flow  nasal  cannula 
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The  theoretical  benefit  of  BPAP  over  CPAP  is 
this  additional  pressure  support  during  inspiration, 
which  can  augment  the  patient’s  tidal  volume  and 
reduce  the  mechanical  work  of  breathing  [1]. 
Because  of  their  impact  on  intrathoracic  pressure, 
both  of  these  modes  of  NIV  can  also  have  hemo¬ 
dynamic  effects,  including  both  preload  and  after¬ 
load  reduction.  Depending  on  the  patient  and 
pathology,  these  effects  can  offer  additional  thera¬ 
peutic  benefit,  but  can  also  exacerbate  hemody¬ 
namic  compromise. 

Indications,  Contraindications 
and  Settings 

The  most  widely  accepted  indications  for  the  use 
of  NIV  in  the  acute  setting  include  respiratory 
failure  due  to  acute  decompensated  heart  failure 
(ADHF)  and  acute  exacerbations  of  chronic 
obstructive  pulmonary  disease  (COPD).  Early 
use  of  NIV  is  associated  with  improved  survival 
in  patients  with  these  conditions  [2,  3].  Common 
chronic  indications  include  obstructive  sleep 
apnea  and  restrictive  diseases  of  the  chest  wall, 
such  as  muscular  dystrophies  and  obesity 
hypoventilation  syndrome.  In  order  for  NIV  to 
be  safe  and  effective,  patients’  mental  status 
must  not  be  altered  to  the  point  where  they  will 
not  cooperate  with  the  clinician  or  tolerate  the 
face  mask,  nor  should  they  have  impaired  inabil¬ 
ity  to  protect  their  airway  from  excessive  secre¬ 
tions  or  emesis.  Specifically,  this  includes  all 
unresponsive  and  apneic  patients,  in  whom  intu¬ 
bation  and  invasive  ventilation  is  the  only  rea¬ 
sonable  mode  of  ventilatory  support.  Certain 
craniofacial  abnormalities  may  also  prevent  an 
effective  mask  seal. 

Patients  with  ADHF  develop  respiratory  fail¬ 
ure  due  in  part  to  the  presence  of  pulmonary 
edema  [1].  CPAP  is  commonly  used  in  these 
patients,  as  it  can  provide  rapid  preload  and 
afterload  reduction  and  augment  alveolar 
recruitment,  improving  oxygenation  and  mini¬ 
mizing  ongoing  coronary  ischemia  [4].  CPAP  is 
often  initially  set  at  5  cm  H20  and  titrated  to  a 


combination  of  patient  tolerance  and  clinical 
effect.  If  they  tolerate  the  mask,  patients  often 
describe  an  initial  subjective  improvement  in 
their  work  of  breathing.  Objective  clinical 
improvement,  such  as  the  resolution  of  pulmo¬ 
nary  rales  and  jugular  venous  distension,  usu¬ 
ally  lags  somewhat  behind. 

BPAP  can  be  a  particularly  helpful  mode  in 
patients  with  impaired  gas  exchange  secondary 
to  respiratory  muscle  fatigue,  as  commonly  seen 
in  patients  with  acute  exacerbations  of 
COPD.  Beyond  the  alveolar  recruitment  con¬ 
ferred  by  the  baseline  EPAP,  the  addition  of  pres¬ 
sure  support  during  inspiration  can  provide  a 
mechanical  advantage  and  thus  further  decrease 
the  work  of  breathing,  which  otherwise  consumes 
a  tremendous  amount  of  metabolic  energy. 
Additional  IPAP  also  creates  more  effective  air¬ 
way  ventilation  and  C02  removal.  Typical  initial 
BPAP  settings  are  an  EPAP  of  5  cm  H20  and  an 
IPAP  of  10  cm  H20.  In  response  to  persistent 
respiratory  acidosis,  IPAP  may  be  increased 
(usually  in  increments  of  2  cm  H20).  This 
increases  the  difference  between  EPAP  and  IPAP, 
which  is  the  primary  contributor  to  augmented 
ventilation.  In  response  to  persistent  hypoxemia, 
EPAP  may  also  be  increased  in  increments  of 
2  cm  H20.  This  is  most  likely  to  augment  alveo¬ 
lar  recruitment  and  oxygenation.  Clinicians 
should  be  mindful  that  the  pressure  required  to 
overcome  the  tone  of  the  lower  esophageal 
sphincter  is  approximately  20-22  cm 
H20.  Keeping  the  IPAP  below  this  level  may 
reduce  the  risk  of  accidental  gastric  insufflation, 
vomiting,  and  possible  aspiration. 

Predictors  of  Failure  of  Non-invasive 
Ventilation 

It  is  important  to  recognize  when  a  patient  may 
not  improve  with  NIV.  Very  limited  evidence  is 
available  to  guide  decision-making  in  these 
patients.  In  a  2003  prospective  cohort  study  of 
severe  dyspnea  due  to  decompensated  heart  fail¬ 
ure,  Giacomini  and  colleagues  derived  a  crude 
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protocol  that  addresses  the  transition  from  the 
emergency  department  to  inpatient  care  for 
patients  stabilized  with  NIV.  After  a  90-min  trial 
of  NIV,  patients  who  felt  subjectively  better  and 
tolerated  at  least  a  15 -min  period  of  oxygen  by 
reservoir  mask  were  admitted  to  a  general  care 
ward.  None  of  these  “responder”  patients  were 
subsequently  intubated  or  transferred  to  ICU  [5]. 
Patients  who  remained  tachypneic,  acidemic,  or 
hypoxemic  after  a  trial  of  NIV  (60-90  min),  and 
those  who  developed  hypotension,  were  unlike  to 
improve.  For  these  “non-responder”  patients, 
endotracheal  intubation  and  invasive  ventilation 
should  be  strongly  considered,  as  the  role  of  pro¬ 
longed  acute  treatment  with  NIV  is  still  unclear. 

Strong  evidence  outlining  safe  titration  of 
NIV  in  other  patient  subgroups  is  lacking.  Factors 
to  consider  include  patient  comorbidities  and 
physiologic  reserve,  as  well  as  the  expected  time 
course  of  reversibility  for  the  cause  of  their  acute 
respiratory  failure. 

Evidence  Contour 

Use  in  Patients  with  Pneumonia 

The  use  of  NIV  in  acute  respiratory  failure  has 
been  studied  for  indications  other  than  decompen¬ 
sated  heart  failure  and  COPD  [6-10].  Pneumonia 
is  not  considered  an  appropriate  indication  for  the 
use  of  NIV  for  patients  in  acute  respiratory  failure. 
Although  NIV  offers  a  less  invasive  intervention 
for  respiratory  distress,  the  NIV  failure  rate  in 
patients  with  pneumonia  has  been  reported  as  high 
as  50%  [7].  It  is  very  difficult  to  predict  which 
patients  will  improve  and  which  will  deteriorate 
[7],  and  among  those  who  decline  there  is  an 
increased  incidence  of  peri-intubation  complica¬ 
tions  and  a  significant  increase  in  mortality  [9, 10]. 
Several  possible  explanations  for  this  have  been 
proposed,  such  as  the  increased  metabolic 
demands  in  patients  with  pneumonia,  the  inability 
to  adequately  clear  respiratory  secretions,  and  the 
protracted  time  course  of  pneumonia  when  com¬ 
pared  to  other  common  indications  for 
NIV.  Possible  exceptions  to  the  poor  performance 
of  NIV  in  patients  with  pulmonary  infection 


include  patients  with  pneumonia  and  COPD  with 
hypercapnic  respiratory  failure.  This  may  be  due 
to  overlap  in  diagnosis  between  COPD  exacerba¬ 
tion  and  true  infection  [8].  Other  possible  excep¬ 
tions  include  neutropenic  patients  with 
hematologic  malignancy,  or  recent  solid  organ 
transplant  recipients  with  suspected  pneumonia, 
possibly  because  these  patients  have  a  higher  inci¬ 
dence  of  viral  pneumonia  than  immunocompetent 
patients  [11-14].  Overall,  these  data  are  still  rela¬ 
tively  sparse.  If  NIV  is  attempted  in  these  patients, 
the  clinician  should  provide  near-continuous  bed¬ 
side  reassessment  and  not  hesitate  to  intubate  if 
there  is  no  significant  improvement. 

Use  in  Patients  with  Asthma 
Exacerbation 

NIV  has  also  been  used  in  patients  with  acute 
exacerbations  of  asthma,  however  there  is  only 
limited  evidence  to  help  guide  the  clinician.  The 
available  studies  fail  to  demonstrate  improve¬ 
ment  in  mortality  or  intubation  rates,  but  show  an 
apparent  decrease  in  hospital  admission  rates, 
hospital  length  of  stay,  symptom  severity,  and 
indirect  markers  of  severity,  such  as  pulmonary 
functions  tests  or  arterial  blood  gases  [15-18]. 
However,  the  are  no  high-quality  studies  address¬ 
ing  the  use  of  NIV  in  patients  with  the  most 
severe  forms  of  asthma  exacerbation,  limiting 
any  conclusion  regarding  its  impact  on  mortality 
and  intubation  rates  in  this  patient  population 
[19].  For  patients  with  severe  asthma  exacerba¬ 
tions,  NIV  should  be  used  with  caution,  in  the 
context  of  maximal  medical  therapy  and  continu¬ 
ous  bedside  reassessment. 

Use  in  Patients  with  ARDS 

Limited  evidence  suggests  that  NIV  might  be 
associated  with  decreased  intubation  rates  in 
select  patients  with  early  mild  ARDS,  however 
overall  mortality  rates  seem  to  be  unchanged,  and 
very  close  clinical  monitoring  is  required  [20- 
22] .  NIV  is  not  appropriate  as  a  first  line  approach 
for  established  ARDS,  given  the  importance  of 


5  Acute  Respiratory  Failure:  NIV  Implementation  and  Intubation 


53 


careful  control  of  tidal  volume  and  airway  pres¬ 
sure  in  this  syndrome  [23]. 

Use  of  NIV  in  Patients  with  Altered 
Mental  Status 

As  mentioned,  one  of  the  most  common  tradi¬ 
tional  contraindications  for  the  use  of  NIV  is 
significantly  altered  mental  status,  because  of 
the  concern  that  these  patients  have  compro¬ 
mised  airway  protective  reflexes  and  are  not 
able  to  adequately  manage  pulmonary  or  oro¬ 
pharyngeal  secretions.  Vomiting  into  the  posi¬ 
tive  pressure  mask  is  potentially  catastrophic  in 
these  patients.  For  intoxicated  patients  with 
respiratory  distress  NIV  is  almost  never  the  saf¬ 
est  alternative,  because  of  unpredictable  toxico¬ 
kinetics  and  the  risk  of  vomiting.  Though  NIV 
can  be  of  great  utility  in  patients  with  acute 
exacerbations  of  COPD,  these  patients  fre¬ 
quently  exhibit  altered  mental  status  due  to 
hypercapnia.  Low  to  moderate  quality  evidence 
suggests  that  select  patients  with  hypercapnic 
encephalopathy  may  warrant  a  trial  of  NIV  if 
very  close  monitoring  is  feasible  [24,  25].  Any 
such  attempt  should  be  aborted  if  there  is  no 
significant  improvement  in  mental  status  within 
a  short  period  [24]. 

Use  of  NIV  for  Preoxygenation  Prior 
to  Intubation 

In  carefully  selected  patients  NIV  can  be  used  to 
maximize  preoxygenation  prior  to  intubation 
for  acute  respiratory  failure.  By  providing  high 
fractional  inspired  concentrations  of  oxygen, 
eliminating  alveolar  nitrogen,  and  recruiting 
atelectatic  lung  regions,  this  approach  has  the 
potential  to  improve  oxygenation  prior  to  intu¬ 
bation,  and  extend  the  “safe  apnea  time”  prior  to 
oxygen  desaturation  [26].  Patients  should  gen¬ 
erally  meet  the  same  entry  criteria  as  for  the 
regular  use  of  NIV,  and  those  who  are  apneic  or 
whose  airway  protective  reflexes  are  in  doubt 
are  likely  not  appropriate  for  this  relatively 
novel  use  of  NIV. 


Use  of  NIV  to  Facilitate  Weaning 
from  Invasive  Ventilation 

In  addition  to  its  use  in  patients  with  acute  respi¬ 
ratory  failure,  NIV  has  also  shown  some  promise 
for  its  use  in  liberating  patients  from  invasive 
ventilation.  Some  evidence  supports  extubation 
to  NIV  as  a  safe  strategy  in  certain  patients  with 
resolving  acute  respiratory  failure,  such  as  COPD 
patients  with  acute  on  chronic  hypercapnia  [27]. 
This  approach  may  reduce  the  incidence  of  some 
risks  associated  with  prolonged  intubation  and 
invasive  ventilation,  such  as  ventilator-associated 
pneumonia  and  tracheostomy  rates.  NIV  use  in 
this  context  may  also  reduce  the  total  duration  of 
ventilation,  as  well  as  ICU  and  hospital  length  of 
stay,  without  a  higher  risk  of  reintubation  [1, 
27-29]. 

Palliative  Care  Indications 

NIV  has  been  used  in  an  attempt  to  both  enhance 
short  term  survival  and  to  optimize  comfort  in 
dying  patients  and  those  who  decline  full  resusci- 
tative  efforts.  While  mortality  among  these 
patients  remains  high,  survivors  report  no 
decrease  in  their  quality  of  life  compared  to  their 
baseline  after  the  hospitalization,  and  there  are  no 
apparent  negative  impacts  of  NIV  on  their  psy¬ 
chological  well-being  [30,  31].  The  topic  remains 
challenging,  in  particular  because  it  is  difficult  to 
predict  in  which  patients  there  may  be  a  benefit, 
as  opposed  to  merely  an  extended  dying  process 
with  limited  ability  to  communicate,  eat,  and 
drink  [32].  Decisions  about  the  use  of  NIV  at  the 
end  of  life  are  likely  best  made  on  an  individual 
patient  level,  in  close  collaboration  with  surro¬ 
gate  decision  makers. 

Use  of  High-Flow  Nasal  Cannula 
as  an  Alternative  to  NIV 

The  heated  high-flow  nasal  cannula  (HFNC)  is  a 
relatively  new  alternative  oxygen  delivery  device 
that  may  be  of  benefit  in  carefully  selected  patients 
with  non-hypercapnic  acute  hypoxic  respiratory 
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failure.  In  contrast  to  conventional  low-flow  nasal 
cannulae,  which  provide  oxygen  flow  rates  up  to 
approximately  6  L/min,  HFNC  can  deliver  flow 
rates  in  excess  of  40  L/min.  The  physical  charac¬ 
teristics  of  the  device,  as  well  as  the  addition  of  a 
humidifying  apparatus  and  heating  circuit,  make 
this  a  surprisingly  comfortable  and  well-tolerated 
method  of  delivering  substantial  oxygen  support 
[33].  Because  it  does  not  involve  a  tight  fitting 
mask,  HFNC  is  often  better  tolerated  than  a  con¬ 
ventional  NIV  interface.  This  technology  is  rela¬ 
tively  new  and  the  evidence  supporting  its  use  is 
still  evolving.  Generally  speaking,  HFNC  appears 
to  be  a  safe  and  effective  alternative  for  alert 
patients  with  certain  types  of  non-hypercapnic 
respiratory  failure.  There  is  probably  insufficient 
ventilatory  effect  to  rely  on  HFNC  in  patients 
with  hypercapnia,  and  the  device  offers  no  airway 
protection.  A  2015  multicenter,  randomized,  open 
label  trial  compared  HFNC,  NIV,  and  standard 
oxygen  therapy  in  a  relatively  large  cohort  of 
hypoxemic  patients  [34].  Approximately  60-70% 
of  these  patients  had  some  type  of  pneumonia. 
Intubation  rates  did  not  differ  between  the  groups, 
but  90-day  mortality  was  significantly  lower  in 
the  HFNC  group.  The  reasons  for  this  are  unclear. 
Additionally,  NIV  confers  no  mortality  or  other 
benefit  over  oxygen  therapy  alone,  including 
HFNC  patients,  in  immunocompromised  patients 
with  hypoxemic  respiratory  failure  [35].  In  the 
absence  of  additional  evidence,  the  use  of  HFNC 
is  probably  best  individualized  to  each  patient. 
The  overall  concern  about  morbidity  associated 
with  delayed  intubation  in  pneumonia  patients 
supported  with  NIV  probably  applies  equally  to 
HFNC. 
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Introduction 

Tricyclic  antidepressant  (TCA)  overdoses  have 
become  less  common  over  the  last  20  years  as 
their  overall  use  has  decreased  with  the  advent  of 
safer  and  more  effective  antidepressants.  Despite 
their  declining  popularity  in  the  management  of 
depression,  they  continue  to  be  used  clinically  for 
conditions  including  the  management  of  neuro¬ 
pathic  and  chronic  pain,  cyclic  vomiting,  noctur¬ 
nal  enuresis,  OCD  and  ADHD.  These  medications 
continue  to  be  a  leading  cause  of  mortality  from 
intentional  ingestions,  and  account  for  nearly  half 
of  all  antidepressant-related  deaths  [1].  Common 
tricyclic  antidepressants  in  use  today  include 
amitriptyline,  nortriptyline,  imipramine,  desipra- 
mine  and  doxepin. 

The  management  of  tricyclic  antidepressant 
poisonings  can  be  quite  challenging.  Since  they 
exert  their  toxicity  through  several  different 
mechanisms  an  understanding  of  their  pharmacol¬ 
ogy  is  imperative.  TCAs  all  have  inherent  anti¬ 
cholinergic  effects  that  may  cause  tachycardia, 
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altered  mental  status  and  seizures.  They  can  cause 
profound  hypotension  through  alpha- adrenergic 
blockade  as  well  as  catecholamine  depletion 
through  reuptake  inhibition.  Finally,  they  block 
fast  sodium  channels  in  the  cardiac  conduction 
system  leading  to  myocardial  depression  and  ven¬ 
tricular  arrhythmias  [2]. 

Successful  treatment  of  patients  poisoned  by 
tricyclic  antidepressants  hinges  on  prompt  diag¬ 
nosis  and  recognition  of  the  classic  EKG  findings 
associated  with  their  toxicity.  GI  decontamina¬ 
tion  should  be  considered  when  patients  present 
within  the  first  1-2  h  following  an  overdose. 
Serum  alkalinization  with  sodium  bicarbonate  is 
considered  the  first-line  treatment  when  signs  of 
cardiotoxicity  develop.  Patients  with  refractory 
hypotension  may  require  vasopressor  support. 

Case  Presentation 

A  32  year  old  female  with  a  history  notable  for 
depression,  migraine  headaches,  and  chronic  pel¬ 
vic  pain  arrived  to  the  emergency  department 
90  min  after  ingesting  approximately  sixty  75  mg 
tablets  of  amitriptyline.  On  arrival,  she  was  noted 
to  be  agitated  and  confused.  Her  presenting  vital 
signs  included  the  following:  BP  96/62,  P  122, 
RR18,  T37.8,  02  sat  (RA)  99%,  GCS  13.  An 
EKG  showed  sinus  tachycardia  with  normal 
intervals  and  normal  axis.  Blood  glucose  was 
normal,  and  serum  lactate  was  3.7.  Serum  and 
urine  tox  screening  was  negative.  Shortly  after 
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arrival,  the  patient  had  a  generalized  tonic-clonic 
seizure  that  was  successfully  aborted  with  2  mg 
IV  Ativan.  She  was  subsequently  intubated  for 
airway  protection,  and  50  g  of  activated  charcoal 
was  administered  through  a  nasogastric  tube. 
Upon  arrival  to  the  ICU,  her  blood  pressure  fell  to 
65/32  and  a  repeat  EKG  was  obtained  (Fig.  6.1). 

Question  How  would  you  proceed  in  the  man¬ 
agement  of  this  patient? 

Answer  This  patient  now  exhibits  EKG  findings 
that  are  consistent  with  fast  sodium  channel 
blockade  due  to  tricyclic  antidepressant  toxicity 
(Table  6.1). 

The  patient  was  immediately  given  2  meq/kg  of 
IV  sodium  bicarbonate  as  a  bolus  and  hydrated 
aggressively  with  3  1  of  normal  saline.  A  sodium 
bicarbonate  drip  was  initiated  to  maintain  a  goal 
serum  pH  within  the  range  of  7.45-7.55.  Ventilator 
settings  were  managed  accordingly  to  prevent 
hypercarbia.  A  repeat  EKG  was  obtained  once 
serum  alkalinization  was  achieved  and  demon¬ 
strated  improvement  of  the  QRS  duration  to  90  ms, 
but  the  patient  remained  hypotensive.  A  norepi¬ 
nephrine  drip  was  initiated  and  blood  pressure 
improved.  Over  the  ensuing  48  h,  norepinephrine 


and  sodium  bicarbonate  were  successfully  weaned. 
She  was  successfully  extubated  and  transferred  to 
the  inpatient  psychiatric  service. 

Principles  of  Management 
Diagnosis 

Tricyclic  antidepressants  have  a  narrow  therapeu¬ 
tic  index,  and  significant  CNS  and  cardiovascular 
toxicity  may  be  seen  with  ingestions  that  exceed 
therapeutic  doses  by  as  little  as  three-fold. 

Tricyclic  Antidepressant  Side  Effects 

•  Anticholinergic 

•  Mucosal  dryness 

•  Constipation 

•  Urinary  retention 

•  Confusion 

•  Blurred  vision 

•  Aggravation  of  narrow  angle  glaucoma 

•  Anti-alpha-adrenergic 

•  Orthostatic  hypotension 

•  Antihistaminic 

•  Sedation 

•  Quinidine-like 

•  Cardiac  arrhythmias  and  block 


Fig.  6.1  12-Lead  Electrocardiogram  obtained  at  time  of  patients  presentation 
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Table  6.1  Clinical  features  associated  with  specific  toxidromes 


HR  &  BP 

RR 

Temp 

Pupils 

Bowel  sounds 

Diaphoresis 

Anticholinergic 

Low  potency 
antipsychotic  s 

Oxybutinin,  Ipratropium 
Antihistamines 

ACh  receptor  antagonists 

t 

t 

t 

i 

i 

Cholinergic 

ACh  receptor  agonists 
AChEls  i.e.  Donepezil 

i 

t 

t 

Opioid 

Morphine 

Heroin 

Hydromorphone 

\ 

i 

i 

\ 

Sympathomimetic 

Epinephrine 

Cocaine 

Amphetamine  & 
Methylphenidate 

t 

t 

t 

t 

t 

t 

Sedative-Hypnotic 

Benzos  &  barbs 
“Z-drugs”  (i.e.  Zopiclone) 

\ 

i 

\ 

Mental  status  on  presentation  has  been  shown 
to  be  predictive  of  patient  outcomes,  and  most 
life-threatening  arrhythmias  occur  within  the  first 
24  h  after  ingestion  [2].  Owing  to  rapid  GI 
absorption,  patients  may  initially  appear  well  and 
then  deteriorate  rapidly.  Serum  drug  assays  that 
measure  specific  serum  tricyclic  antidepressant 
levels  are  not  widely  available  and  should  not  be 
relied  on  when  managing  suspected  overdose. 
Because  these  drugs  are  highly  lipophilic  and 
have  high  volumes  of  distribution,  concentrations 
in  brain  and  myocardium  may  exceed  serum  con¬ 
centrations  by  as  much  as  40  to  200-fold,  and 
serum  drug  levels  have  not  been  shown  to  predict 
the  clinical  course  [1,3]. 

The  single  most  useful  test  in  identifying  tri¬ 
cyclic  antidepressant  toxicity  is  the  electrocar¬ 
diogram.  The  most  common  early  EKG  finding 
in  overdoses  is  sinus  tachycardia,  due  to  anticho¬ 
linergic  effects  and  initial  transient  catechol¬ 
amine  excess.  As  toxicity  progresses,  tricyclic 
antidepressants  block  fast  sodium  channels  in  the 
cardiac  conduction  system  thereby  slowing  depo¬ 
larization  and  decreasing  contractility.  This 
results  in  a  widened  QRS  complex.  Prolongation 
of  the  QRS  complex  >100  ms  has  been  shown  to 


predict  risk  for  seizures,  and  prolongation 
>160  ms  predicts  a  risk  for  ventricular  arrhyth¬ 
mias  [4].  Owing  to  the  greater  susceptibility  of 
the  right  ventricular  conduction  system  to  the 
effects  of  sodium  channel  blockade,  a  rightward 
axis  shift  of  the  terminal  40  ms  of  the  QRS  axis 
in  the  frontal  plane  will  develop;  but  this  finding 
may  be  difficult  to  detect  [3].  A  more  practical 
means  for  identifying  this  rightward  axis  shift  is 
by  noting  the  presence  of  a  larger  than  expected 
R  wave  amplitude  in  aVR  (Fig.  6.2).  An  ampli¬ 
tude  of  the  R  wave  in  this  lead  in  excess  of  3  mm 
has  been  shown  to  predict  risk  for  seizures  and 
arrhythmias  [5]. 

Gastrointestinal  Decontamination 

Activated  charcoal  has  been  shown  to  effectively 
bind  tricyclic  antidepressants.  In  a  study  of 
healthy  volunteers  activated  charcoal  given  5  min 
after  oral  administration  of  therapeutic  doses  of 
amitriptyline  decreased  GI  absorption  by  99% 
[6].  Activated  charcoal  probably  has  the  most 
benefit  when  administered  within  1  h  of  a  toxic 
ingestion,  but  may  be  considered  for  up  to  2  h 
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Fig.  6.2  Prominent  termi¬ 
nal  R  wave  (>3  mm  ampli¬ 
tude)  in  lead  aVR  from 
electrocardiogram 
obtained  from  a  patient 
experiencing  TCA 

overdose 


since  the  anticholinergic  effects  of  the  drug  may 
delay  gastric  emptying  [7]. 

Gastric  lavage  carries  risks  such  as  aspiration, 
and  is  not  routinely  recommended  following  tri¬ 
cyclic  antidepressant  ingestion.  One  randomized 
study  demonstrated  no  significant  difference  in 
patient  outcomes  when  gastric  lavage  was  com¬ 
bined  with  the  use  of  activated  charcoal  [8]. 

Whole  bowel  irrigation  is  typically  reserved 
for  overdoses  involving  sustained-release  prepa¬ 
rations  or  in  cases  where  the  drug  binds  poorly  to 
activated  charcoal.  Therefore,  its  use  is  unlikely 
to  provide  any  benefit  [7]. 

Plasma  Alkalinization 

Although  no  randomized-controlled  clinical  tri¬ 
als  exist  in  support  of  sodium  bicarbonate  ther¬ 
apy  in  the  setting  of  tricyclic  antidepressant 
poisoning,  numerous  animal  studies  and  human 
case  reports  support  its  use  as  a  first-line  treat¬ 
ment  [9-11].  Sodium  bicarbonate  has  been 
shown  to  both  prevent  and  terminate  ventricular 
dysrhythmias.  The  benefits  of  serum  alkaliniza¬ 
tion  through  the  use  of  sodium  bicarbonate  are 
likely  multifactorial.  The  fraction  of  drug  that  is 
protein-bound  increases  with  alkalinity,  and 
therefore  the  use  of  sodium  bicarbonate  would  be 
expected  to  decrease  the  amount  of  free  drug 
available  for  inhibition  of  sodium  channels  [2]. 
Additionally,  increasing  serum  sodium  concen¬ 
trations  may  overwhelm  the  sodium  channel 
blockade  by  increasing  the  gradient  between  the 
intracellular  and  extracellular  space  [2].  The  net 


effect  is  improved  myocardial  contractility,  nar¬ 
rowing  of  the  QRS  complex,  and  improved  elec¬ 
trical  stability. 

Dosing  and  titration  guidelines  for  sodium 
bicarbonate  have  not  been  well-studied,  but  most 
recommend  initiating  a  bolus  of  1-2  meq/kg  fol¬ 
lowed  by  a  continuous  infusion  to  maintain  a 
goal  serum  pH  within  7.45-7.55  and  titrating  to  a 
goal  QRS  duration  of  less  than  100  ms  [2,  10]. 
The  prophylactic  use  of  sodium  bicarbonate  is 
not  supported  when  EKG  abnormalities  are 
absent  [10].  Serum  pH  must  be  monitored  closely, 
and  while  optimum  pH  has  not  been  studied,  it  is 
reasonable  to  not  exceed  a  pH  of  7.6.  Risks  of 
marked  alkalosis  may  include  impaired  tissue 
oxygenation  due  to  shifts  in  the  oxygen  dissocia¬ 
tion  curve,  cerebral  vasoconstriction,  reduction 
in  ionized  calcium  concentration,  intracellular 
shift  of  potassium,  and  an  increased  myocardial 
sensitivity  to  catecholamines  [10]. 

Management  of  Hypotension 
and  Vasopressor  Support 

Hypotension  is  a  common  feature  of  tricyclic  anti¬ 
depressant  toxicity.  These  medications  decrease 
systemic  vascular  resistance  through  alpha-adren¬ 
ergic  blockade.  Relative  catecholamine  depletion 
may  occur  through  their  effects  on  norepinephrine 
reuptake.  Additionally,  hypotension  may  occur  as 
a  direct  result  of  decreased  cardiac  inotropy  [2]. 
Profound  hypotension  may  be  refractory  to  fluid 
resuscitation  and  alkalinization  therapy,  and  vaso¬ 
pressors  may  be  indicated.  There  are  very  few 
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studies  evaluating  the  benefit  of  one  such  agent 
over  another  [12].  One  retrospective  case  series 
suggested  norepinephrine  may  be  superior  to 
dopamine  in  these  instances  [13].  A  single  case 
report  showed  that  vasopressin  stabilized  blood 
pressure  in  a  patient  with  hypotension  that  failed 
to  respond  to  high-dose  norepinephrine  [14]. 

Extracorporeal  Elimination 

Because  tricyclic  antidepressants  are  lipophilic 
and  highly  protein-bound,  extracorporeal  elimi¬ 
nation  methods  such  as  hemodialysis  are  ineffec¬ 
tive  [1]. 

Seizure  Management 

Seizures  are  common  in  the  setting  of  significant 
tricyclic  antidepressant  overdose  and  are  a  predic¬ 
tor  of  poor  outcomes.  Seizures  may  precipitate  an 
undesired  acidosis  that  increases  TCA  toxicity. 
There  is  little  high  quality  evidence  describing 
first  line  anticonvulsant  therapy  for  seizures  sec¬ 
ondary  to  TCA  overdose.  Seizures  associated 
with  TCA  overdose  are  often  brief  and  resolve 
before  abortive  medications  can  be  administered. 
The  use  of  benzodiazepines  has  been  proposed  as 
first  line  therapy.  Barbiturates  and  propofol  are 
second-line  agents  that  have  been  noted  to  be 
effective  in  case  reports.  These  therapies  should 
be  used  in  conjunction  with  the  treatment  strate¬ 
gies  previously  described  [15,  16]. 

Evidence  Contour 

Intravenous  Lipid  Emulsion 

The  use  of  intravenous  lipid  emulsions  were  first 
reported  in  the  1990s  as  an  antidote  for  systemic 
toxicity  from  local  anesthetic  agents.  Since  that 
time,  the  use  of  intravenous  lipid  emulsion  therapy 
has  been  reported  in  the  setting  of  overdoses  of 
other  lipophilic  drugs  including  calcium  channel 
blockers,  beta  blockers,  and  tricyclic  antidepres¬ 
sants  [17].  Several  proposed  mechanisms  for  the 


benefit  of  lipid  emulsion  use  in  tricyclic  antide¬ 
pressant  poisonings  have  been  described.  Lipid 
emulsions  may  serve  as  a  “lipid  sink”,  sequester¬ 
ing  intravascular  drug  from  the  aqueous  phase  of 
plasma.  Secondly,  the  lipids  themselves  may 
directly  provide  a  supplemental  fuel  source  to  the 
stressed  myocardium.  Lastly,  a  positive  inotropic 
effect  might  be  seen  from  increased  intracellular 
calcium  shifts  [17,  18].  A  few  animal  studies  have 
been  conducted  using  intravenous  lipid  emulsions 
for  the  management  of  tricyclic  antidepressant 
toxicity,  and  the  reported  benefits  on  hemody¬ 
namic  stability  and  mortality  were  mixed  [18-20]. 
There  are,  however,  several  human  case  reports  of 
patients  being  successfully  managed  with  lipid 
emulsions  in  the  setting  of  refractory  hemody¬ 
namic  instability  when  the  use  of  traditional  thera¬ 
peutic  modalities  failed  [21-24].  Dosing  guidelines 
for  intravenous  lipid  emulsion  therapy  for  tricyclic 
antidepressant  toxicity  have  not  been  established. 
Recommended  dosing  in  the  setting  of  systemic 
toxicity  from  local  anesthetics  have  been  proposed 
where  a  20  %  emulsion  is  administered  at  a  load¬ 
ing  dose  of  1.5  ml/kg  based  on  lean  body  mass 
followed  by  a  continuous  infusion  of  15  ml/kg/h 
until  clinical  response  is  achieved  [17,  25].  It  is 
unclear  how  to  extrapolate  dosing  of  lipid  emul¬ 
sions  for  management  of  tricyclic  antidepressant 
overdose  given  their  different  pharmacokinetics. 
The  use  of  lipid  emulsion  in  the  management  of 
overdoses  carry  theoretical  risks  including  infec¬ 
tion,  but  serious  adverse  events  have  not  been 
reported  [17].  Intravenous  lipid  therapy  may  be 
considered  in  cases  of  refractory  cardiovascular 
collapse  when  more  traditional  treatments  fail. 

Hypertonic  Saline 

One  animal  study  suggested  that  the  use  of 
hypertonic  saline  in  the  management  of  tricyclic 
antidepressant  poisonings,  when  compared  to 
sodium  bicarbonate,  produced  a  statistically  sig¬ 
nificant  improvement  in  systolic  blood  pressure 
and  narrowing  of  the  QRS  complex  [26].  One 
human  case  report  exists  for  a  patient  with 
refractory  ventricular  ectopy  and  widened  QRS 
complex  despite  sodium  bicarbonate  therapy 
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that  stabilized  upon  administration  of  hypertonic 
saline  [27].  Clinical  studies  supporting  its  use, 
however,  do  not  exist  [2] . 


Antiarrhythmic  Drugs 

Occasionally,  ventricular  dysrhythmias  may  not 
respond  to  serum  alkalinization,  and  the  use  of 
antiarrhythmic  medications  may  be  necessary. 
Class  I  antiarrhythmic  medications  are  contrain¬ 
dicated  in  the  setting  of  tricyclic  antidepressant 
overdose  since  they  act  to  inhibit  cardiac  sodium 
channels  in  a  similar  manner  [9].  Other  antiar¬ 
rhythmic  drugs  have  negative  inotropic  effects, 
which  may  worsen  hypotension  in  the  setting  of 
these  overdoses.  Lidocaine  has  traditionally  been 
considered  the  most  reasonable  agent  in  these 
instances,  but  the  efficacy  is  limited  to  case  series 
[28].  Theoretically,  lidocaine’s  rapid  binding  to 
sodium  channels  may  displace  the  effects  of  tricy¬ 
clic  antidepressants  and  improve  cardiac  conduc¬ 
tion.  Lidocaine  has  a  stabilizing  effect  on  the 
myocardium,  but  unfortunately  may  slow  conduc¬ 
tion  and  depress  contractility  [29].  Furthermore, 
one  must  take  into  consideration  the  fact  that  lido¬ 
caine  may  lower  the  seizure  threshold  [30]. 

Magnesium  is  an  alternative  antiarrhythmic 
that  has  been  investigated  with  some  promise.  A 
study  in  rats  sought  to  evaluate  magnesium  sul¬ 
fate’s  ability  to  terminate  arrhythmias  when  com¬ 
pared  with  lidocaine  and  demonstrated  favorable 
results  [29].  One  small  randomized  human  trial 
suggested  that  use  of  magnesium  in  addition  to 
traditional  therapeutics  decreased  ICU  length  of 
stay  and  mortality,  and  several  case  reports 
describe  the  successful  use  of  magnesium  to 
abort  ventricular  arrhythmias  [31-33]. 
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Introduction 

Calcium  channel  blocker  poisonings  are  the 
leading  cause  of  death  from  cardiovascular 
medication-related  overdoses  [1,  2].  Clinical 
effects  in  the  poisoned  patient  may  include 
hypotension,  bradycardia,  atrioventricular  con¬ 
duction  disturbances,  pulmonary  edema, 
stroke,  bowel  ischemia,  altered  mental  status, 
and  cardiac  arrest.  Many  immediate  and  sus¬ 
tained-release  preparations  exist,  hence  phar¬ 
macokinetics  are  highly  variable.  Calcium 
channel  blockers  are  generally  lipophilic  and 
highly-protein  bound,  rendering  traditional 
extracorporeal  elimination  methods  such  as 
hemodialysis  largely  ineffective. 
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Dihydropyridines 

Nicardipine 

Nifedipine 

Isradipine 

Amlodipine 

Felodipine 

Nimodopine 

Nisoldipine 

Nitrendipine 

Non-Dihydropyridines 

Verapamil 

Diltiazem 

Bepridil 


Calcium  channel  blockers  act  at  L-type  cal¬ 
cium  channels  and  are  generally  divided  into  two 
unique  pharmacologic  classes  based  on  their  pre¬ 
ferred  sites  of  action. 

Dihydropyridine  (i.e.  nifedipine,  amlodipine) 
overdoses  primarily  cause  hypotension  with 
reflex  tachycardia  through  their  peripheral  vaso- 
dilatory  effects  on  vascular  smooth  muscle.  The 
toxicity  from  non-dihydropyridines  (i.e.  vera¬ 
pamil,  diltiazem),  tends  to  be  more  severe  owing 
to  their  primary  effects  on  the  myocardium  [3]. 
This  may  lead  to  bradydysrhythmias,  depressed 
myocardial  contractility,  and  circulatory  collapse 
[4].  It  should  be  noted  that  in  severe  poisonings 
from  either  class,  this  selectivity  may  be  lost  [2]. 

The  management  of  hemodynamically  unsta¬ 
ble  patients  with  calcium  channel  blocker  toxicity 
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can  be  quite  challenging,  and  responses  to  thera¬ 
peutic  interventions  can  be  variable.  Traditional 
therapies  include  intravenous  fluid  resuscitation, 
and  the  administration  of  calcium  salts,  glucagon, 
and  vasopressor  agents.  Refractory  bradycardia 
and  atrioventricular  nodal  blocks  may  necessitate 
the  use  of  atropine  and  temporary  pacemakers. 
More  contemporary  treatment  strategies  includ¬ 
ing  the  use  of  intravenous  lipid  emulsions  and 
high-dose  insulin  euglycemic  therapy  have  shown 
great  promise. 

Case  Presentation 

A  47  year  old  female  with  a  history  of  depression 
and  chronic  migraine  headaches  was  brought  to 
the  emergency  department  by  her  spouse  immedi¬ 
ately  following  a  witnessed  intentional  ingestion 
of  approximately  sixty  120  mg  sustained-release 
verapamil  tablets.  On  arrival,  she  was  alert  and 
oriented.  Vital  signs  were  as  followed:  pulse  62, 
blood  pressure  95/62,  respiratory  rate  16,  temper¬ 
ature  37.2,  and  pulse  oximetry  99%  on  room  air. 
Her  EKG  showed  normal  sinus  rhythm  with  nor¬ 
mal  intervals.  IV  access  was  established  and  a 
liter  of  normal  saline  was  administered. 
Laboratory  studies  that  include  routine  toxico¬ 
logic  screening  tests  were  unremarkable.  She  was 
treated  with  50  g  of  oral  activated  charcoal  and 
admitted  to  the  intensive  care  unit  for  close  moni¬ 
toring.  Upon  arrival  to  the  ICU,  her  repeat  vital 
signs  revealed  a  pulse  of  42  and  blood  pressure  of 
74/42.  Her  repeat  EKG  is  shown  below  (Fig.  7.1). 
An  arterial  blood  gas  was  obtained:  pH  7.12, 
pC02  26,  HC03  12,  lactate  7.2  and  glucose  350. 
An  additional  2  L  of  normal  saline  were  rapidly 
infused.  She  was  treated  with  2  g  of  IV  calcium 
gluconate,  5  mg  of  IV  glucagon  followed  by  a 
continuous  infusion,  and  a  norepinephrine  drip 
that  was  titrated  for  a  goal  mean  arterial  pressure 
of  65.  Despite  these  measures,  she  remained 
hypotensive  and  brady cardie. 

Question  What  do  you  think  is  causing  her 
hyperglycemia  and  what  therapeutic 
intervention(s)  could  be  considered  at  this  point 
to  improve  her  hemodynamic  stability? 


Answer  Impaired  insulin  secretion  due  to  cal¬ 
cium  channel  blocker  inhibition  of  pancreatic 
Beta  cells,  coupled  with  increased  stress- 
mediated  glucose  mobilization  account  for  her 
hyperglycemia.  High-dose  insulin  euglycemic 
therapy  should  be  considered  at  this  point.  Her 
metabolic  acidosis  is  secondary  to  both  a  lactic 
acidosis  from  impaired  tissue  perfusion,  and 
ketoacidosis  similar  to  that  seen  with  DKA  due  to 
relative  hypoinsulinemia. 

Based  on  her  weight  of  50  kg,  an  insulin  bolus 
of  50  units  IV  was  given  followed  by  an  infusion 
of  50  units/h.  Approximately  45  min  after  initia¬ 
tion  of  the  insulin  infusion,  her  pulse  normalized 
to  65  and  her  blood  pressure  improved  enough  to 
gradually  wean  the  norepinephrine  drip.  Her  glu¬ 
cose  was  monitored  every  30  min,  and  ultimately 
she  did  require  a  continuous  dextrose  infusion  to 
maintain  serum  glucose  concentrations  above 
150  mg/dL.  Her  metabolic  acidosis  improved 
over  the  course  of  several  hours,  as  did  her  serum 
lactate.  Serum  electrolytes  were  monitored 
closely.  She  developed  mild  hypokalemia  but 
repletion  was  not  necessary.  Approximately  24  h 
following  admission,  the  insulin  infusion  was 
discontinued  and  her  vitals  remained  stable.  She 
was  discharged  the  next  morning  to  an  inpatient 
psychiatric  facility. 

Principles  of  Management 

Gastrointestinal  Decontamination 

Activated  charcoal  effectively  binds  calcium 
channel  blockers  and  should  be  administered  in 
patients  with  stable  airways  and  preserved  men¬ 
tal  status  who  present  within  the  first  2  h  follow¬ 
ing  ingestion.  Although  clinical  evidence 
supporting  the  use  of  multi-dose  activated  char¬ 
coal  is  lacking,  it  is  reasonable  to  consider  repeat 
charcoal  dosing  when  sustained-release  prepara¬ 
tions  are  involved  [2,  5].  Gastric  lavage  is  gener¬ 
ally  not  recommended  since  the  procedure  may 
increase  vagal  tone,  exacerbate  hemodynamic 
instability,  and  can  provoke  cardiac  arrest  [6,  7]. 
Whole  bowel  irrigation  may  be  considered  in 
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Fig.  7.1  12-lead  EKG  revealing  sinus  bradycardia 


cases  of  sustained-release  preparations,  or  when 
decontamination  is  delayed  beyond  a  time-frame 
where  activated  charcoal  would  be  of  benefit  [6] . 
Whole  bowel  irrigation  should  be  avoided,  how¬ 
ever,  in  patients  with  depressed  mental  status, 
ileus,  airway  compromise,  or  hemodynamic 
instability  [8]. 

Hemodynamic  Support 

The  initial  management  of  hypotension  due  to 
calcium  channel  blocker  toxicity  should  include 
aggressive  intravenous  fluid  resuscitation.  In 
more  severely  poisoned  patients,  several  thera¬ 
peutic  options  may  also  be  considered. 

Calcium  Salts 

The  use  of  calcium  gluconate  and  calcium  chlo¬ 
ride  in  the  management  of  calcium  channel 
blocker  toxicity  seems  intuitive.  Increased  serum 
calcium  concentrations  would  be  expected  to 
overcome  calcium  channel  blockade  via  a  gradi¬ 
ent  effect,  thereby  improving  myocardial  con¬ 
tractility  [6].  Animal  studies  suggest  the  use  of 
calcium  confers  both  hemodynamic  benefits  and 
improves  mortality.  Human  studies  are  limited  to 
case  series,  and  the  reported  benefits  are  incon¬ 


sistent  [7,  9].  The  response  seen  with  calcium  is 
often  transient,  and  repeat  dosing  may  be  needed 
[2].  Despite  conflicting  evidence  regarding  ben¬ 
efit,  use  is  generally  recommended  and  adverse 
effects  are  rare. 

Glucagon 

Glucagon  increases  intracellular  cyclic- AMP  and 
has  been  shown  in  animal  models  to  have  positive 
inotropic  and  chronotropic  effects.  Furthermore, 
glucagon  has  been  shown,  in  some  cases,  to 
reverse  2nd  and  3rd  degree  heart  blocks  [10]. 
Evidence  for  its  efficacy  in  humans  is  limited  to 
case  reports,  and  treatment  failures  have  been 
described  [2,  7].  Glucagon  dosing  is  not  well- 
established,  but  an  initial  dose  of  3-5  mg  IV  fol¬ 
lowed  by  a  continuous  infusion  has  been 
suggested,  with  an  additional  dose  of  4-10  mg  IV 
5  min  after  the  initial  dose  if  no  response  is 
achieved  [6]. 

Atropine 

Atropine  may  be  considered  for  symptomatic 
bradycardia,  but  is  often  ineffective  in  the  setting 
of  severe  poisonings.  Standard  advanced  cardiac 
life  support  (ACLS)  dosing  guidelines  should  be 
used.  Because  of  its  anticholinergic  effects  on  GI 
motility,  it’s  use  may  potentiate  absorption  of 
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sustained-release  calcium  channel  blocker  for¬ 
mulations  [6]. 

Vasopressor  Support 

When  hemodynamic  stability  cannot  be  achieved 
through  the  use  of  fluid  resuscitation  and  other 
initial  pharmacologic  strategies,  vasopressor 
support  may  be  necessary.  Norepinephrine, 
dopamine,  epinephrine,  isoproterenol,  dobuta- 
mine,  and  phenylephrine  have  all  been  used  to 
achieve  improvements  in  blood  pressure,  and  no 
studies  have  demonstrated  the  superiority  of  one 
agent  over  another  [2].  Multiple  agents  may  be 
required  simultaneously  to  achieve  hemody¬ 
namic  stability,  and  some  have  reported  use  of 
vasopressor  doses  far  in  excess  of  what  would 
typically  be  considered  the  referenced  maximum 
[4].  Although  improvements  in  blood  pressure 
are  typically  achieved,  one  must  be  mindful  that 
the  increase  in  systemic  vascular  resistance  will 
also  increase  afterload.  This  may  paradoxically 
lead  to  an  undesirable  decrease  in  cardiac  output, 
as  well  as  an  increase  in  the  cardiac  oxygen 
requirement  in  an  already  energy-depleted  myo¬ 
cardium  [3,  6]. 

High-Dose  Insulin  Therapy 

In  recent  years,  high-dose  insulin  therapy  for  the 
treatment  of  calcium  channel  blocker  poisonings 
has  gained  increasing  attention.  Calcium  channel 
blockers  directly  inhibit  the  calcium  channel- 
mediated  release  of  insulin  by  the  pancreas,  lead¬ 
ing  to  systemic  hypoinsulinemia  (Fig.  7.2). 
Because  carbohydrates  are  the  preferred  meta¬ 
bolic  substrate  of  myocardial  cells  when  under 
duress,  the  impairment  of  intracellular  glucose 
transport  secondary  to  insulin  depletion  further 
worsens  cardiac  contractility  already  impaired  by 
the  calcium  channel  blockers  themselves  [11]. 
High-dose  insulin  restores  myocardial  glucose 
utilization  and  corrects  systemic  ketoacidosis 
when  present.  Insulin  has  also  been  shown  to 
have  direct  positive  inotropic  effects  on  myocytes 

[11] .  Furthermore,  insulin  has  been  shown  to 
induce  vasodilation  which  improves  microvascu- 
lar  perfusion  in  tissues  including  the  myocardium 

[12] .  Insulin  also  promotes  increased  catechol¬ 
amine  sensitivity  [11].  The  combination  of  these 


effects  may  ameliorate  the  cardiogenic  shock 
seen  with  calcium  channel  blocker  toxicity. 

Animal  models  suggest  the  mortality  benefit 
from  high-dose  insulin  therapy  is  superior  to  that 
seen  with  calcium  salts,  glucagon,  and  vasopres¬ 
sors.  One  human  observational  study  showed  that 
high-dose  insulin  therapy  resulted  in  a  >10  mmHg 
sustained  increase  in  systolic  blood  pressure  in 
all  patients  receiving  high  dose  insulin  boluses 
and  infusions,  and  numerous  case  series  and  case 
reports  detail  beneficial  hemodynamic  responses 
[2,  13,  14]. 

Although  definitive  dosing  guidelines  have 
not  been  established,  most  recommend  an  initial 
insulin  bolus  be  given  at  a  dose  of  1  U/kg  IV  fol¬ 
lowed  by  an  infusion  1  U/kg/h  which  may  be 
titrated  upward  [6].  Higher  bolus  doses  of  10  U/ 
kg  and  infusions  up  to  22  U/kg/h  have  been 
reported  [3].  The  clinical  response  to  high-dose 
insulin  may  take  15-60  min.  Many  sources 
advocate  initiation  of  high-dose  insulin  therapy 
very  early  on  in  the  management  of  these  patients 
(before  they  become  unstable)  [6,  14,  15].  Serum 
glucose  should  be  monitored  every  30  min  dur¬ 
ing  the  initial  course  of  treatment  and  supple¬ 
mental  dextrose  should  be  administered, 
although  supplementation  may  not  be  necessary 
if  the  initial  glucose  exceeds  300  mg/dL  [6]. 
Mild  hypokalemia  should  be  anticipated  due  to 
intracellular  shifts  and  may  actually  augment 
myocardial  cellular  function  by  improving  intra¬ 
cellular  calcium  transport.  Potassium  repletion 
should  be  considered  if  serum  levels  fall  below 
2. 8-3.0  mEq/L  [12]. 

Invasive  Circulatory  Support 

The  use  of  temporary  transcutaneous  and  trans¬ 
venous  pacemakers,  and  intra- aortic  balloon 
pump  counter  pulsation  therapy  have  been 
described  in  the  setting  of  severe  bradycardia  and 
high-degree  atrioventricular  blocks  in  calcium 
channel  blocker  poisonings  when  medical  man¬ 
agement  fails  to  adequately  reverse  cardiogenic 
shock  [2,  6,  7].  At  times,  obtaining  successful 
pacemaker  capture  may  be  difficult  in  these 
patients.  Furthermore,  improvement  in  hemody¬ 
namics  may  be  variable  owing  to  the  persistent 
impaired  cardiac  inotropy,  and  it  is  unclear  based 
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Improved  hemodynamics 


Increased  vascular  tone  Increased  inotropy 


Insulin  physiology  in  CCB  overdose 

Fig.  7.2  CCB  calcium  channel  blocker.  L-type  Ca++  channels:  voltage-gated  calcium  channels 


on  case  reports  whether  pacemakers  improve 
clinical  outcomes  [7,  16].  There  are  reports 
describing  the  successful  use  of  intra-aortic  bal¬ 
loon  pumps  and  extracorporeal  life  support  in  the 
setting  of  refractory  shock  due  to  severe  calcium 
channel  blocker  poisonings,  and  these  techniques 
may  be  considered  on  a  case  by  case  basis  when 
other  treatment  strategies  fail  [17-19]. 


Evidence  Contour 

Intravenous  Lipid  Emulsions 

The  use  of  intravenous  lipid  emulsion  therapy  in 
the  management  of  systemic  toxicity  from  local 
anesthetics  is  well-described  [6].  More  recently, 
investigators  have  advocated  for  the  use  of  intra¬ 
venous  lipid  emulsions  to  treat  poisonings  due  to 
other  lipophilic  drug  classes  including  tricyclic 
antidepressants,  beta  blockers,  and  calcium  chan¬ 
nel  blockers  [20] . 

Intravenous  lipid  emulsion  therapy  in  the  con¬ 
text  of  calcium  channel  blocker  toxicity  may  be 
beneficial  for  several  reasons.  One  proposed 
mechanism  is  that  lipid  emulsions  act  as  a  ‘lipid 


sink”,  sequestering  lipophilic  toxins  away  from 
the  aqueous  plasma  phase.  In  a  case  report  of  a 
verapamil  overdose,  plasma  concentrations  of  this 
drug  were  nearly  undetectable  following  adminis¬ 
tration  of  an  intravenous  lipid  emulsion  [21].  A 
second  proposed  benefit  of  intravenous  lipid 
emulsions  is  that  they  directly  stimulate  insulin 
secretion  [22].  Thirdly,  lipids  may  promote  an 
increased  intracellular  calcium  concentration  in 
myocytes  counteracting  the  negative  inotropic 
effects  seen  in  these  overdoses  [23].  Lastly,  lipids 
may  serve  as  a  supplementary  fuel  source  for  the 
myocardium,  which  prefers  to  derive  energy  from 
fatty  acids  under  normal  conditions  [6]. 

The  evidence  supporting  the  use  of  intrave¬ 
nous  lipid  emulsions  in  calcium  channel  blocker 
poisonings  is  limited  to  animal  studies  and  human 
case  reports.  Multiple  animal  studies  demonstrate 
that  intravenous  lipid  emulsions  confer  a  survival 
benefit  compared  to  placebo  in  verapamil  over¬ 
doses  [20] .  Multiple  human  case  reports  suggest 
a  temporal  hemodynamic  response  when  intrave¬ 
nous  lipid  emulsions  were  used  as  an  adjunct  to 
standard  treatments  [9,  20,  22,  24,  25].  Others 
report  that  required  vasopressor  support  greatly 
diminished  following  initiation  of  intravenous 


70 


D.M.  Black  and  R.W.  Shaffer 


lipid  emulsion  therapy  [23].  Because  multiple 
confounding  therapeutic  strategies  were  used  in 
all  of  these  reported  cases,  the  degree  in  which 
intravenous  lipid  emulsion  therapy  is  beneficial 
remains  unclear. 

The  optimal  dosing  for  intravenous  lipid 
emulsion  has  not  been  established,  and  recom¬ 
mendations  are  extrapolated  from  guidelines  that 
exist  for  the  management  of  local  anesthetic  tox¬ 
icity.  Typically,  a  20  %  lipid  emulsion  solution  is 
administered  at  a  bolus  dose  of  1.5  ml/kg  based 
on  ideal  body  weight.  This  is  followed  by  a  con¬ 
tinuous  infusion  of  0.25  ml/kg/min  until  hemo¬ 
dynamic  stability  persists  for  at  least  10  min. 
Some  suggest  that  this  bolus  may  be  repeated 
twice  and  the  infusion  may  be  doubled  when 
clinically  necessary  [6].  The  lipemia  resulting 
from  this  treatment  may  interfere  with  certain 
laboratory  assays. 

Sodium  Bicarbonate 

Acidosis  is  a  common  occurrence  in  calcium 
channel  blocker  toxicity  secondary  to  diminished 
tissue  perfusion  and  ketoacidosis.  Correction  of 
the  acidosis  could  theoretically  improve  hemody¬ 
namic  stability,  but  the  role  of  bicarbonate  ther¬ 
apy  in  these  instances  is  unclear.  In  severe 
overdoses,  a  widened  QRS  complex  from  fast 
sodium  channel  blockade,  similar  to  that  seen  in 
tricyclic  antidepressant  toxicity,  may  occur.  The 
benefits  of  sodium  bicarbonate  in  calcium  chan¬ 
nel  blocker  toxicity  is  largely  anecdotal,  but  some 
advocate  for  its  use  when  QRS  complex  prolon¬ 
gation  occurs  [2] . 

Methylene  Blue 

Methylene  blue  inhibits  guanylate  cyclase  which 
subsequently  decreases  cGMP  resulting  in  inhi¬ 
bition  of  vascular  smooth  muscle  relaxation. 
Therefore,  it  might  be  expected  to  reverse  some 
of  the  effects  of  the  dihydropyridine  class  of  cal¬ 
cium  channel  blockers.  Experience  with  methy¬ 
lene  blue  in  calcium  channel  blocker  toxicity, 
however,  is  limited.  One  case  report  described  an 


improvement  in  hemodynamic  stability  follow¬ 
ing  methylene  blue  administration  to  a  patient 
with  an  amlodipine  overdose  that  had  failed  to 
respond  to  other  measures  [26].  Another  case 
report  demonstrated  a  similar  effect  in  a  mixed 
calcium  channel/beta  blocker  overdose  [27]. 
While  adequate  evidence  supporting  routine  use 
does  not  exist,  methylene  blue  might  be  consid¬ 
ered  as  a  rescue  therapy  in  severe  dihydropyri¬ 
dine  poisonings  that  fail  to  respond  to  other 
treatment  strategies  [28]. 

Extracorporeal  Albumin  Dialysis 

Because  calcium  channel  blockers  have  high  vol¬ 
umes  of  distribution  and  are  largely  protein- 
bound,  traditional  extracorporeal  elimination 
strategies  including  hemodialysis  and  hemoper- 
fusion  are  generally  ineffective.  Albumin  dialysis 
with  molecular  absorbents  recirculating  system 
(MARS)  therapy  offers  the  ability  to  remove 
protein-bound  toxins  that  would  otherwise  not  be 
cleared  by  traditional  hemodialysis.  This  tech¬ 
nique  was  successfully  in  the  management  of 
three  severely  poisoned  patients  with  refractory 
shock  due  to  calcium  channel  blocker  toxicity, 
and  all  three  patients  survived  [29]. 
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Case  Presentation 

A  46  year  old  female  with  a  history  of  depression 
arrived  at  the  emergency  department  by  EMS 
with  altered  mental  status.  Her  husband  found 
her  in  the  garage  of  their  home  with  confusion, 
incoherent  slurred  speech  and  an  unsteady  gait. 
By  his  report,  she  had  seemed  well  4  h  earlier. 
Initial  vital  signs  were  as  follows:  HR  112,  BP 
145/91,  RR  16,  02  99%  on  RA,  and  temperature 
98.9.  Glucose  was  127  mg/dL.  GCS  was  14. 
There  were  no  signs  of  trauma,  and  her  physical 
exam,  aside  from  the  findings  mentioned  above, 
was  unremarkable.  Initial  labs  including  CBC, 
chemistries  and  urinalysis  were  normal.  Urine 
drug  screen  was  negative.  Salicylate,  acetamino¬ 
phen,  and  ethanol  were  not  detected. 
Carboxy hemoglobin  level  was  1.2%.  ABG  on 
room  air  revealed:  pH  7.36,  p02  88,  pC02  35, 
HC03  21,  lactate  2.7.  Head  CT  and  CXR  were 
normal.  EKG  showed  sinus  tachycardia  with  nor¬ 
mal  intervals.  IV  fluids  were  initiated. 
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Over  the  next  2  h,  her  HR  and  RR  increased 
to  125  and  24  respectively.  She  was  placed  on 
4  L  NC  for  a  room  air  saturation  of  87  %.  She 
became  more  confused  with  a  GCS  of  10. 
Repeat  labs  were  obtained  which  demonstrated 
a  new  anion  gap  of  22  (see  below).  A  repeat 
ABG  (on  4  L  02)  showed  the  following:  pH  7.22, 
p02  58,  PC02  26,  HC03  15,  lactate  3.2. 
Measured  serum  osmoles  were  obtained  and  an 
osmolal  gap  of  40  was  calculated.  CXR  revealed 
pulmonary  edema  without  cardiomegaly.  Her 
hypoxia  and  tachypnea  worsened  despite 
increasing  amounts  of  supplemental  oxygen, 
including  100%  NRB. 


Calculation  and  Differential  Diagnosis  of  the 
Elevated  Anion  Gap  with  the  Pneumonic 
"MUDPILES" 

Anion  Gap  =  [Anions]  -  [Cations]  [AG] 

=  [Na+]-([Cr]  +  [HCO']) 

Methanol 

Uremia 

Diabetic  Ketoacidosis 

Propylene  Glycol 

Paraldehyde 

Propofol 
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Infection 

Iron 

Isoniazid 

Inborn  Errors  of  Metabolism 
Lactic  Acidosis 
Ethylene  Glycol 
Salicylates 

Starvation  ketoacidosis 


Question  How  would  you  proceed  in  the  man¬ 
agement  of  this  patient? 

Answer  The  combination  of  altered  mental  sta¬ 
tus,  progressive  development  of  a  high  anion  gap 
acidosis  and  the  presence  of  a  marked  osmolal 
gap  are  highly  suggestive  of  toxic  alcohol  inges¬ 
tion,  either  methanol  or  ethylene  glycol.  Methanol 
is  a  common  ingredient  in  windshield  washer 
fluid  and  ethylene  glycol  is  commonly  found  in 
antifreeze.  Ingestion  of  isopropyl  alcohol,  the 
third  common  toxic  alcohol  ingestion,  elevates 
the  osmolar  gap  but  does  not  result  in  an  acidosis 
or  significant  elevation  of  the  anion  gap. 

Given  her  decline  in  mental  status  and  pro¬ 
gressive  failure  of  oxygenation  secondary  to 
development  of  pulmonary  edema,  she  was  intu¬ 
bated  and  mechanically  ventilated.  A  loading 
dose  of  15  mg/kg  intravenous  fomepizole  treat¬ 
ment  was  immediately  initiated  to  prevent  further 
metabolism  of  the  parent  alcohol.  The  cofactors 
thiamine  and  pyridoxine  were  given.  Her  devel¬ 
oping  acidosis  suggested  that  she  had  already 
metabolized  a  substantial  portion  of  the  parent 
alcohol  into  its  toxic  metabolites,  and  nephrology 
was  consulted  for  emergent  hemodialysis.  Gas 
chromatography  for  toxic  alcohols  returned  sev¬ 
eral  hours  later  and  revealed  an  ethylene  glycol 
level  of  257  mg/dL.  Repeat  urinalysis  demon¬ 
strated  calcium  oxalate  crystalluria  (Fig.  8.1). 

The  patient  underwent  three  runs  of  intermittent 
hemodialysis  and  was  continued  on  IV  fomepizole 
per  protocol.  Her  gap  acidosis  normalized  and  her 


measured  ethylene  glycol  fell  below  20  mg/dL.  Her 
renal  function  remained  normal  throughout  her 
clinical  course.  Her  pulmonary  edema  resolved  and 
she  was  extubated  on  hospital  day  #2. 


Principles  of  Management 
Diagnosis 

Ethylene  glycol  is  an  organic  alcohol  with  mul¬ 
tiple  commercial  and  household  purposes,  and  is 
typically  the  primary  compound  found  in  anti¬ 
freeze.  It  is  a  colorless  liquid,  although  dyes  are 
often  added  by  the  manufacturer.  The  taste  of 
ethylene  glycol  is  often  described  as  “sweet”, 
and  therefore  young  children  frequently  fall  vic¬ 
tim  to  inadvertent  ingestions  [1].  Ethylene  gly¬ 
col  is  rapidly  absorbed  by  the  GI  tract  and 
clinical  intoxication  may  be  apparent  within 
20-30  min.  Peak  serum  concentrations  can  be 
expected  between  1  and  4  h  post-ingestion  [2]. 
Ingestions  of  as  little  as  1  mL/kg  may  lead  to 
toxic  serum  concentrations  [3]. 

Diagnosing  ethylene  glycol  poisoning  can  be 
quite  challenging,  as  the  acute  clinical  presenta¬ 
tion  is  typically  non-specific  and  may  appear 
quite  similar  to  ethanol  intoxication.  Individuals 
with  intentional  ingestions  may  not  be  forthcom¬ 
ing,  or  may  be  too  obtunded  to  provide  a  history 
of  ingestion.  Prompt  initiation  of  treatment  is 
imperative,  and  delays  strongly  correlate  with  the 
development  of  acidosis  and  renal  failure  once 
toxic  metabolites  accumulate  (Fig.  8.2)  [4,  5]. 
The  gold  standard  for  diagnosis  uses  gas  chroma¬ 
tography  to  measure  serum  ethylene  glycol  lev¬ 
els,  but  may  take  2-4  h  to  perform,  and  is  not 
readily  available  at  most  medical  facilities  [2,  6]. 
Serum  measurement  of  the  glycolic  acid  metabo¬ 
lite  has  also  been  advocated  by  some,  owing  to  its 
stronger  correlation  with  the  development  of 
renal  complications,  but  this  also  requires  gas 
chromatography  and  therefore  carries  the  same 
limitations  [7].  Therefore,  the  clinician  often 
must  utilize  surrogate  markers  when  considering 
a  toxic  alcohol  exposure. 

Since  ethylene  glycol  is  an  osmotically 
active  substance,  the  osmolal  gap  (measured 
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Fig.  8.1  Calcium  oxalate 
crystals 


osmoles  -  calculated  osmoles)  will  typically 
be  elevated  during  the  initial  phase  following 
substantial  ingestions.  As  the  parent  com¬ 
pound  is  metabolized,  the  osmolal  gap  will 
gradually  decline  and  a  metabolic  anion  gap 
acidosis  will  develop  (Fig.  8.3)  [9].  There  are 


several  caveats  to  note  when  interpreting  an 
osmolal  gap,  however.  Numerous  formulas 
exist  for  calculating  serum  osmoles,  and  there 
is  no  consensus  on  which  one  is  superior  [2, 
10,  11].  One  commonly  used  formula  is  as 
follows: 


Osmc  = 


2  x  Na  + 1 . 15  (glucose  / 1 8)  +  BUN  /  2.8  +  EtOH  /  4.6] 


An  elevated  osmolal  gap  is  non-specific  and 
may  be  seen  with  various  conditions  including 
ethanol  intoxication,  alcoholic  ketoacidosis, 
DKA,  renal  failure,  shock,  and  after  use  of 
other  exogenous  osmotically  active  compounds 
such  as  mannitol  [10].  Additionally,  since  the 
normal  reference  range  for  a  calculated  osmolal 
gap  may  be  as  low  as  -10  mosm,  the  addition 
of  measured  osmoles  from  a  toxic  alcohol  may 
not  raise  this  gap  beyond  the  accepted  upper 
limit  of  +10  mosm.  This  can  be  understood 
when  considering  that  an  ethylene  glycol  level 
of  21  mg/dL  (the  threshold  where  treatment  is 
recommended)  would  only  be  expected  to 
increase  serum  osmoles  by  4  mosm  [2].  Despite 
these  limitations,  a  large  retrospective  analysis 
suggested  that  an  unexplained  osmolal  gap 


exceeding  50  was  highly  suggestive  of  a  toxic 
alcohol  ingestion,  and  that  nearly  50  %  of  toxic 
ingestions  had  osmolal  gaps  greater  than 
30  [10]. 

In  the  initial  phase  following  ethylene  glycol 
poisoning,  the  anion  gap  is  typically  normal,  and 
then  begins  to  rise  approximately  3  h  post¬ 
ingestion  [2].  When  presentation  or  treatment  is 
delayed,  the  parent  alcohol  is  metabolized  by 
alcohol  dehydrogenase  and  aldehyde  dehydroge¬ 
nase  into  glycolic  acid.  Further  metabolism  of 
glycolic  acid  is  very  slow  and  therefore  this  com¬ 
pound  progressively  accumulates  resulting  in  an 
anion  gap  acidosis.  Cardiopulmonary  manifesta¬ 
tions  are  likely  both  due  to  the  acidemia,  as  well 
as  the  direct  toxic  effect  of  glycolic  acid.  During 
this  phase,  patients  may  develop  tachycardia, 
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Metabolism  of  ethylene  glycol 

Ethylene  glycol 

Alcohol  dehydrogenase  (ADH) 

Glycoaldehyde 

Aldehyde  dehydrogenase  (ALDH) 

Glycolic  acid 

I 

Glyoxylic  acid 

I 

Oxalic  acid 

Fig.  8.2  Metabolism  of  ethylene  glycol 

hypotension,  myocardial  depression  and  conges¬ 
tive  heart  failure,  cerebral  edema,  and  an  ARDS- 
type  picture  [3,  12]. 

A  small  portion  of  glycolic  acid  is  then  fur¬ 
ther  metabolized  into  oxalate.  Deposition  of 
calcium  oxalate  crystals  in  renal  tubules  results 
in  tubular  necrosis  and  renal  failure,  and  gener¬ 
ally  occurs  24-72  h  post-ingestion.  This  can 
also  lead  to  significant  hypocalcemia  [2]. 
Testing  for  calcium  oxalate  crystalluria  as  an 
adjunct  to  the  diagnosis  of  ethylene  glycol 
ingestions  has  been  evaluated.  Unfortunately, 
crystals  are  seen  in  only  33-63  %  of  those  with 
known  ingestions,  and  the  baseline  prevalence 
of  crystalluria  due  to  other  causes  such  as 
dietary  factors  make  this  finding  neither  sensi¬ 
tive  nor  specific  [2,  13]. 

Urine  fluorescence  is  another  strategy  that 
has  been  evaluated  by  investigators  to  aid  in 
determination  of  ethylene  glycol  ingestions. 
Fluorescein  is  often  added  to  engine  coolants  by 
manufacturers  to  facilitate  a  mechanic’s  ability 
to  detect  radiator  leaks  using  UV  light  [2] .  In  the 
setting  of  ingestions,  fluorescein  is  excreted 
unchanged  in  the  urine.  However,  not  all  anti¬ 
freeze  preparations  contain  this  compound. 


Osmols  Acids 


Fig.  8.3  The  mountain:  A  visual  schematic  for  clarify¬ 
ing  the  temporal  relationship  between  the  anion  gap  and 
osmole  gaps  in  toxic  alcohol  poisoning.  A:  Ethylene  gly¬ 
col  is  the  predominate  form  in  the  serum.  Only  an  osmo¬ 
lar  gap  is  present.  No  acidosis  or  anion  gap  yet  noted.  C: 
Ethylene  glycol  is  being  metabolized.  Some  glycolic 
acid  is  present.  Both  an  osmolar  gap  and  an  anion  gap 
acidosis  are  present.  B :  All  the  ethylene  glycol  has  been 
metabolized  to  glycolic  acid.  Osmolar  gap  no  longer 
exists.  Large  anion  gap  acidosis  is  present  (From  Mycyk 
and  Aks  [8].  Reprinted  with  permission  from  Elsevier 
Limited) 


Furthermore,  fluorescence  is  short-lived  during 
the  first  few  hours  and  may  be  difficult  to  detect. 
Inter-rater  reliability  when  assessing  urinary 
fluorescence  is  poor  and  fluorescein  cannot  be 
detected  when  urinary  pH  falls  below  4.5.  For 
these  reasons,  this  screening  test  cannot  be  rec¬ 
ommended  [2,  6,  14]. 

As  a  result  of  the  poor  performance  of  any 
one  marker  for  the  diagnosis  of  toxic  alcohol 
ingestion,  it  is  recommended  by  the  American 
Academy  of  Clinical  Toxicology  that  the  clini¬ 
cian  maintain  a  high  index  of  suspicion  and  low 
threshold  for  treatment  [6].  Diagnostic  criteria 
and  indications  for  treatment  are  shown  below 
[4,  6,  15]. 


Diagnostic  Criteria  and  Indications  for 
Treatment  of  Ethylene  Glycol  Poisoning 

•  Ethylene  glycol  level  >20  mg/dL  or 

•  Recent  history  of  known  ingestion  AND 
osmolal  gap  >10  or 

•  Strong  suspicion  of  ethylene  glycol 
ingestion  AND  two  of  the  following 

•  pH,  7.3 

•  serum  bicarbonate  <20 

•  osmolal  gap  >10 

•  Calcium  oxalate  crystalluria 
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Ventilator  and  Circulatory  Support 

Ethylene  glycol  exerts  effects  on  GABA  and 
Glutamate  receptors  in  a  similar  manner  to  etha¬ 
nol.  In  severe  poisonings,  respiratory  depression 
and/or  inability  to  adequately  protect  one’s  air¬ 
way  may  necessitate  intubation  and  mechanical 
ventilation.  When  an  acidosis  is  present,  atten¬ 
tion  to  adequate  minute  ventilation  is  imperative 
to  allow  for  adequate  respiratory  compensation. 

Hypotension  may  result  from  direct  vasodila¬ 
tation  caused  by  the  toxic  alcohol,  or  secondary 
to  myocardial  depression  due  to  acidosis.  In  cases 
of  congestive  heart  failure  or  impending  circula¬ 
tory  collapse,  vasopressor  agents  may  be  needed. 
Serial  EKGs  should  be  obtained  to  assess  for  pro¬ 
longation  of  the  QTc  which  may  be  seen  when 
hypocalcemia  is  present.  Calcium  repletion 
should  be  limited  to  patients  who  are  symptom¬ 
atic  (cardiac  arrhythmias,  seizures),  as  this  may 
hasten  calcium  oxalate  precipitation  in  the  renal 
tubules  [16].  The  presence  of  hyperkalemia  is 
often  the  result  of  extracellular  shifts  due  to  the 
metabolic  acidosis,  and  treatment  should  be 
reserved  for  individuals  with  concerning  EKG 
manifestations.  An  ARDS -like  picture  may  rarely 
develop  and  should  be  managed  with  lung- 
protective  ventilation. 

Gastric  Decontamination/Lavage/ 
Charcoal 

Gastrointestinal  decontamination  and  gastric 
lavage  have  limited  benefit  following  ethylene 
glycol  absorption  due  to  its  very  rapid  absorp¬ 
tion.  Furthermore,  toxic  alcohols  bind  poorly  to 
activated  charcoal,  and  its  use  is  not  recom¬ 
mended  [16]. 

Aldehyde  Dehydrogenase  (ADH) 
Blockade 

Inhibition  of  ADH  is  the  mainstay  of  treatment 
and  prevents  metabolism  of  ethylene  glycol  into 
its  toxic  metabolites,  and  it  is  generally  accepted 
that  treatment  should  be  initiated  for  serum 


ethylene  glycol  concentrations  in  excess  of 
20  mg/dL  [6].  The  parent  alcohol  is  then  excreted 
largely  unchanged  in  the  urine.  The  elimination 
half-life  of  ethylene  glycol  ranges  from  14  to  20 
h  in  the  setting  of  ADH  inhibition  [4,  6,  10].  The 
two  ADH  inhibitors  that  may  be  used  are  ethanol 
and  fomepizole. 

Prior  to  the  advent  of  fomepizole,  ethanol  was 
historically  used  for  ADH  blockade.  Ethanol  is 
the  natural  substrate  for  ADH,  and  given  its 
higher  binding  affinity  over  ethylene  glycol,  it 
serves  as  a  competitive  inhibitor  to  toxic  alcohol 
metabolism.  The  generally  accepted  regimen  for 
ethanol  administration  is  a  loading  dose  of 
600  mg/kg  of  a  10%  solution  IV  through  a  cen¬ 
tral  venous  catheter,  followed  by  a  continuous 
infusion  of  1 10  mg/kg/h.  The  drip  is  then  titrated 
with  a  goal  serum  ethanol  concentration  between 
100  and  125  mg/dL  [6,  17].  This  requires  close 
monitoring,  given  the  unpredictable  pharmacoki¬ 
netics  of  ethanol  metabolism.  Ethanol  adminis¬ 
tration  is  not  without  side  effects,  and  patients 
must  be  monitored  for  deterioration  of  mental 
status,  hypoglycemia,  hepatitis,  and  pancreatitis. 
When  no  IV  ethanol  formulation  is  available,  PO 
ethanol  can  be  considered  using  the  same  serum 
concentration  goal. 

Fomepizole  (4-methylpyrazole,  Antizole)  was 
FDA  approved  in  1997  for  use  as  a  competitive 
inhibitor  of  ADH  in  the  setting  of  toxic  alcohol 
ingestions.  Its  efficacy  was  supported  through  a 
small  prospective  clinical  sub- study  of  the 
Methylpyrazole  for  Toxic  Alcohols  (META) 
trial.  Patients  treated  with  fomepizole  who  had 
normal  renal  function  at  the  time  of  treatment  ini¬ 
tiation  had  no  subsequent  kidney  injury.  It  should 
be  noted,  however,  that  patients  with  serum  eth¬ 
ylene  glycol  levels  exceeding  50  mg/dL  also 
underwent  hemodialysis  [13].  Fomepizole,  when 
compared  to  ethanol,  has  the  advantage  of  pre¬ 
dictable  pharmacokinetics.  Its  use  is  generally 
well-tolerated  although  patients  occasionally 
report  side-effects  including  headaches,  nausea, 
and  dizziness  [13,  18].  A  loading  dose  of  15  mg/ 
kg  IV  is  initiated,  followed  by  10  mg/kg  every  12 
h.  Fomepizole  may  induce  its  own  metabolism 
via  the  CYP450  pathway,  and  dosing  should  be 
increased  to  15  mg/kg  every  12  h  for  doses 
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beyond  48  h  of  treatment.  In  patients  undergoing 
concurrent  dialysis,  the  dosing  frequency  should 
be  increased  to  every  4  h,  or  alternatively  a  con¬ 
tinuous  infusion  of  1  mg/kg/h  can  be  considered 
[4,  6,  18,  19].  Because  ethanol  metabolism  is 
inhibited  by  fomepizole,  ethanol  treatment 
should  not  be  used  concurrently  [20] . 

Hemodialysis 

ADH  blockade  disrupts  the  initial  metabolism  of 
ethylene  glycol.  The  development  of  an  anion 
gap  acidosis,  or  the  presence  of  renal  injury  sug¬ 
gests  significant  metabolism  of  ethylene  glycol 
into  toxic  substrates  has  already  occurred.  In 
these  cases,  hemodialysis  may  be  required  to  cor¬ 
rect  the  acidosis  and  thwart  further  deterioration 
of  renal  function  [4,  6,  15,  21].  Although  compli¬ 
cations  may  occur,  hemodialysis  may  shorten 
hospital  length  of  stays  [22].  Indications  for 
hemodialysis  were  reported  by  the  American 
Academy  of  Clinical  Toxicology  in  1999,  and 
their  guidelines  have  yet  to  be  formally  updated 
[6].  These  include: 

•  Deteriorating  vital  signs  despite  supportive 
care. 

•  Severe  metabolic  acidosis  (<7.25-7.30) 

•  Renal  failure  or  severe  electrolyte  distur¬ 
bances  not  responsive  to  conventional  therapy 
4.  Ethylene  glycol  level  >50  mg/dL 

The  use  of  an  ethylene  glycol  concentration 
threshold  for  hemodialysis  has  more  recently 
been  called  into  question  [4,  23,  24]. 


Evidence  Contour 

Ethylene  Glycol  Treatment  Threshold 

Historically,  a  serum  ethylene  glycol  concentra¬ 
tion  in  excess  of  20  mg/dL  has  been  considered 
to  be  the  potentially  toxic  level  where  ADH 
blockade  was  recommended  [6].  This  conserva¬ 
tive  threshold  was  likely  extrapolated  from  case 
reports  involving  toxic  methanol  ingestions,  and 


is  based  on  opinion  rather  than  evidence  [25]. 
Furthermore,  an  absolute  serum  ethylene  glycol 
concentration  does  not  take  into  account  how 
much  metabolism  has  already  occurred  when 
presentations  are  delayed.  Serum  glycolate  levels 
better  correlate  with  the  development  of  acidosis 
and  renal  injury,  but  again  there  is  no  established 
threshold  for  treatment  [26] . 

Fomepizole  vs  Ethanol 

Many  toxicologists  currently  advocate  fomepi¬ 
zole  as  the  first-line  agent  for  ADH-blockade  [4, 
19].  This  may  be,  in  part,  related  to  less  reported 
adverse  events  when  compared  to  the  use  of 
ethanol  [27].  To  date,  there  have  been  no  con¬ 
trolled  clinical  trials  comparing  the  efficacy  of 
fomepizole  to  ethanol,  and  there  is  a  paucity  of 
literature  on  the  morbidity  and  mortality  of 
patients  treated  with  either  intervention  [5,  28, 
29].  Recently,  Beatty  et  al.  conducted  a  system¬ 
atic  literature  review  that  included  145  trials 
(none  of  which  were  randomized  controlled 
studies)  [28].  Two  hundred  ninety-five  patients 
with  ethylene  glycol  poisoning  were  identified 
who  received  either  fomepizole,  ethanol,  or 
both.  A  higher  mortality  was  seen  in  those 
treated  with  ethanol  when  compared  to  fomepi¬ 
zole  (18%  vs  4.1%).  The  author  cautioned  that 
extrapolated  data  was  often  poor  or  incomplete, 
and  that  literature  reporting  the  use  of  fomepi¬ 
zole  tended  to  be  more  current,  and  that  recent 
advances  in  medical  care  may  confound  these 
results. 

ADH  Inhibition  without  Hemodialysis 

The  guidelines  published  in  1999  by  the  American 
Academy  of  Toxicology  advocated  initiation  of 
hemodialysis  (HD)  when  ethylene  glycol  levels 
exceed  50  mg/dL  [6].  Since  that  time,  there  are 
growing  reports  of  patients  with  significant  ethyl¬ 
ene  glycol  ingestions,  some  with  serum  levels 
exceeding  700  mg/dL,  being  treated  with  fomepi¬ 
zole  alone  when  acidosis  and  renal  impairment 
were  absent  [15,  24,  30,  31].  Some  investigators 
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have  even  reported  successful  management  with 
fomepizole  alone  when  a  mild  acidosis  was  pres¬ 
ent  [3,  32].  This  has  led  some  experts  to  advocate 
for  the  use  of  hemodialysis  only  in  cases  of  sig¬ 
nificant  acidosis  or  with  signs  of  renal  impair¬ 
ment,  irrespective  of  the  initial  serum  ethylene 
glycol  level  [4,  15,  19,  23,  32].  However,  pro¬ 
spective  studies  are  necessary  to  validate  these 
recommendations . 

Serum  and  Urine  Alkalization 

In  methanol  ingestions,  there  is  some  limited  evi¬ 
dence  that  serum  alkalization  may  promote 
deprotonation  of  toxic  acids  into  their  less  toxic 
conjugate  bases,  and  might  also  enhance  urinary 
excretion  [33].  This  has  not  been  proven  to  be  of 
benefit  in  the  setting  of  ethylene  glycol  intoxica¬ 
tions,  and  alkalization  for  the  sole  purpose  of 
enhancing  elimination  is  not  supported  by  evi¬ 
dence.  Sodium  bicarbonate  therapy  may  be  con¬ 
sidered,  however,  in  instances  of  refractory 
acidosis  [6]. 

Cofactor  Supplementation 

Pyridoxine  and  thiamine  are  cofactors  which 
facilitate  conversion  of  glycolic  acid  to  non-toxic 
metabolites  via  alternative  metabolic  pathways, 
potentially  diverting  metabolism  away  from  the 
production  of  oxalate.  While  advocated  by  many, 
no  clinical  trials  have  substantiated  this  hypothet¬ 
ical  benefit,  and  supplementation  is  unlikely  to  be 
useful  in  the  absence  of  a  pre-existing  vitamin 
deficiency  [6,  34]. 

Other  Toxic  Alcohols 
Methanol 

Methanol  (aka  “wood  alcohol”)  was  historically 
found  in  methylate  spirits.  It  is  now  found  in  sol¬ 
vents,  antifreeze,  and  certain  fuels.  The  fatal  dose 
is  considered  to  be  anywhere  between  1  and 
2  mL/kg  [35],  although  deaths  have  been  reported 


with  doses  as  low  as  0. 1-0.4  mL/kg  [35,  36]. 
Using  the  same  enzymatic  pathways  as  ethylene 
glycol,  methanol  is  metabolized  to  formaldehyde 
then  formate.  Symptoms  of  acute  ingestion  are 
almost  identical  to  those  of  ethylene  glycol. 
Metabolic  effects  are  also  similar,  including 
development  of  an  osmolar  gap  followed  by  an 
anion  gap  acidosis.  Metabolites  of  methanol  are 
also  profoundly  more  neurotoxic,  and  the  optic 
nerve  is  particularly  vulnerable  which  can  result 
in  permanent  visual  impairment  [3,  35,  37,  38]. 
Production  of  formate  is  prevented  by  early  use 
of  fomepizole  (preferred)  or  ethanol,  and  guide¬ 
lines  for  initiation  of  these  therapies  are  shown 
below  [33]. 

Guidelines  for  Initiation  of  Therapies 

1.  Documented  plasma  methanol  concen¬ 
tration  >  20  mg/dL  (200  mg/L) 

2.  Documented  recent  history  of  ingesting 
toxic  amounts  of  methanol  and  osmolal 
gap  >10  mOsm/kg 

3.  History  or  strong  clinical  suspicion  of 
methanol  poisoning  and  at  least  2  of  the 
following  criteria: 

Arterial  pH  <7.3 

Serum  bicarbonate  <20  meq/L 
(20  mmol/L) 

Osmolal  gap  <10  mOsm/kg  H20 


Diagnostic  Criteria  and  Indications  for  the 
Treatment  of  Methanol  Poisoning 

•  Documented  plasma  methanol  concen¬ 
tration  >  20  mg/dL 

•  Documented  recent  history  of  ingesting 
methanol  and  osmolal  gap  >10  mOsm/kg 

•  History  or  strong  clinical  suspicion  of 
methanol  poisoning  and  at  least  two  of 
the  following  criteria: 

•  Arterial  pH  <7.3 

•  Serum  bicarbonate  <20  meq/L 
(20  mmol/L) 

•  Osmolal  gap  <10  mOsm/kg  H20 
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Folic  acid  should  be  administered  in  toxic 
methanol  ingestions  since  it  serves  as  a  cofactor 
in  the  breakdown  of  formate  [39].  Acidosis 
should  be  corrected  with  sodium  bicarbonate 
administration  [33].  Recent  guidelines  recom¬ 
mend  intermittent  hemodialysis  in  severe  inges¬ 
tions  for  any  of  the  following  [40] : 

•  Seizures,  coma,  visual  changes 

•  pH <7. 15,  or  any  acidosis  unresponsive  to 
bicarbonate 

•  anion  gap  >  24  mmol/L 

•  [methanol]  serum  >70  mg/dL  in  the  setting  of 
fomepizole  treatment 

•  [methanol]  serum  >60  mg/dL  in  the  setting  of 
ethanol  treatment 

•  [methanol] serum  >50  mg/dL  in  the  setting  of 
no  competitive  inhibition 

•  Impaired  kidney  function 

•  Extracorporeal  treatment  can  be  discontinued 
when  methanol  concentration  is  <20-25  mg/dL 
[40]. 

Isopropyl  Alcohol 

Isopropyl  alcohol  (aka  “rubbing  alcohol”)  pro¬ 
duces  an  acute  clinical  picture  of  CNS  intoxication 
similar  to  that  seen  with  ethanol,  with  greater  rela¬ 
tive  potency.  The  primary  metabolite  of  isopropyl 
alcohol  is  acetone.  This  compound  elevates  the 
osmolal  gap  and  causes  ketosis,  but  is  not  further 
metabolized  to  a  toxic  carboxylic  acid  and  is  there¬ 
fore  significantly  less  harmful  than  ethylene  glycol 
and  methanol.  Management  of  acute  ingestion 
thus  consists  of  supportive  care,  and  ethanol  and 
fomepizole  are  not  indicated  [41]. 


References 

1.  Mowry  JB,  et  al.  2012  Annual  report  of  the  American 
Association  of  Poison  Control  Centers’  National 
Poison  Data  System  (NPDS):  30th  annual  report.  Clin 
Toxicol.  2013;51:949-1229. 

2.  McQuade  DJ,  Dargan  PI,  Wood  DM.  Challenges  in 
the  diagnosis  of  ethylene  glycol  poisoning.  Ann  Clin 
Biochem.  2013 ;5 1(2):  167-78. 

3.  Buchanan  JA,  Alhelail  M,  Cetaruk  EW,  Schaeffer  TH, 
Palmer  RB,  Kulig  K,  et  al.  Massive  ethylene  glycol 


ingestion  treated  with  fomepizole  alone  -  a  viable 
therapeutic  option.  J  Med  Toxicol.  2010;6(2):131-4. 

4.  Brent  J.  Fomepizole  for  ethylene  glycol  and  methanol 
poisoning.  N  Engl  J  Med.  2009 ;360(21):22 16-23. 

5.  Druteika  DP,  Zed  PJ,  Ensom  MH.  Role  of  Fomepizole 
in  the  management  of  ethylene  glycol  toxicity. 
Pharmacotherapy.  2002;22(3):365-72. 

6.  Barceloux  DG,  Krenzelok  EP,  Olson  K,  Watson 
W.  American  Academy  of  Clinical  Toxicology  prac¬ 
tice  guidelines  on  the  treatment  of  ethylene  glycol 
poisoning.  Clin  Toxicol.  1999;37(5):537-60. 

7.  Porter  WH,  Rutter  PW,  Bush  BA,  Pappas  AA, 
Dunnington  JE.  Ethylene  glycol  toxicity:  the  role  of 
serum  glycolic  acid  in  hemodialysis.  J  Toxicol  Clin 
Toxicol.  2001;39(6):607-15. 

8.  Mycyk  MB,  Aks  SE.  A  visual  schematic  for  clarify¬ 
ing  the  temporal  relationship  between  the  anion  and 
osmol  gaps  in  toxic  alcohol  poisoning.  Am  J  Emerg 
Med.  2003;21(4):333-5. 

9.  Mycyk  MB,  Wills  B,  Mazor  S,  Deslauriers  C,  Metz 
J.  Fomepizole  use  is  often  suboptimal  in  cases  of  toxic 
alcohol  poisoning.  Ann  Emerg  Med.  2004;44(4):S89. 

10.  Krasowski  MD,  Wilcoxon  RM,  Miron  J.  A  retrospec¬ 
tive  analysis  of  glycol  and  toxic  alcohol  ingestion: 
utility  of  anion  and  osmolal  gaps.  BMC  Clin  Pathol. 
2012;  12(1):2— 10. 

11.  Khajuria  A,  Krahn  J.  Osmolality  revisited:  deriving 
and  validating  the  best  formula  for  calculated  osmo¬ 
lality.  J  Clin  Biochem.  2005;38(6):514-9. 

12.  Catchings  T,  Beamer  W,  Lundy  L,  et  al.  Adult  respira¬ 
tory  distress  syndrome  secondary  to  ethylene  glycol 
ingestion.  Ann  Emerg  Med.  1985;14:594-6. 

13.  Brent  J,  McMartin  K,  Phillips  S,  Burkhart  KK, 
Donovan  JW,  Wells  M,  Kulig  K,  Methylpyrazole  for 
Toxic  Alcohols  Study  Group.  Fomepizole  for  the 
treatment  of  ethylene  glycol  poisoning.  N  Engl  J  Med. 
1999;340(1 1):832-8. 

14.  McStay  CM,  Gordon  PE.  Images  in  clinical  medicine: 
urine  fluorescence  in  ethylene  glycol  poisoning.  N 
Engl  J  Med.  2007;356(6):611. 

15.  Velez  LI,  Shepard  G,  Lee  YC,  Keyes  DC.  Ethylene 
glycol  ingestions  treated  only  with  fomepizole.  J  Med 
Toxicol.  2007;3(3):  125-8. 

16.  Hall  TL.  Fomepizole  in  the  treatment  of  ethylene  gly¬ 
col  poisoning.  Can  J  Emerg  Med.  2002;4(3):  199-204. 

17.  Peterson  CD,  Collins  AJ,  Himes  JM,  Bullock  ML, 
Keane  WF.  Ethylene  glycol  poisoning:  pharmacoki¬ 
netics  during  therapy  with  ethanol  and  hemodialysis. 
N  Engl  J  Med.  1981;304(l):21-3. 

18.  Howland  MS.  Antidotes  in  depth:  fomepizole.  In:  Nelson 
LS,  Lewin  NA,  Howland  MA,  Hoffman  RS,  Goldfrank 
LR,  Flomenbaum  NE,  editors.  Goldfrank’s  toxicologic 
emergencies.  New  York:  McGraw-Hill;  2010. 

19.  Rehman  H.  Fomepizole  for  toxic  alcohol  poisoning. 
N  Engl  J  Med.  2009;361(12):  1213-4. 

20.  Butler  GK.  When  is  it  appropriate  to  treat  ethylene 
glycol  intoxication  with  fomepizole  alone  without 
hemodialysis?  Semin  Dial.  2011;24(4):441-2. 

21.  Ting  SM,  Ching  I,  Nair  H,  Langman  G,  Suresh  V, 
Temple  RM.  Early  and  late  presentations  of  ethylene 


8  Diagnosis  and  Management  of  Ethylene  Glycol  Ingestion 


81 


glycol  poisoning.  Am  J  Kidney  Dis.  2009;53(6): 
1091-7. 

22.  Battistella  M.  Fomepizole  as  an  antidote  for  ethylene  gly¬ 
col  poisoning.  Ann  Pharmacother.  2002;36(6):  1085-9. 

23.  Wedge  MK,  Mataajan  S,  Johanson  C,  Patel  R,  Kanji  S. 
The  safety  of  ethanol  infusions  for  the  treatment  of 
methanol  or  ethylene  glycol  intoxication:  an  observa¬ 
tional  study.  Can  J  Emerg  Med.  2012;14(5):283-9. 

24.  Megarban  B,  Borron  SW,  Baud  FJ.  Current  recom¬ 
mendations  for  treatment  of  severe  toxic  alcohol  poi¬ 
sonings.  Intensive  Care  Med.  2005;31(2):189-95. 

25.  Buller  GK,  Moskowit  CB,  Eckardt  K.  The  role  of 
hemodialysis  and  fomepizole  in  ethylene  glycol 
intoxication.  J  Nephrol  Therap.  2012;S10:4. 

26.  Kostic  MA,  Dart  RC.  Rethinking  the  toxic  methanol 
level.  J  Toxicol  Clin  Toxicol.  2003;41:793-800. 

27.  Moreau  CL,  Kerns  II W,  Tomaszewski  CA,  McMartin 
KE,  Rose  SR,  Ford  MD,  et  al.  Glycolate  kinetics  and 
hemodialysis  clearance  in  ethylene  glycol  poisoning. 
Methylpyrazole  for  Toxic  Alcohols  Study  Group. 
J  Toxicol  Clin  Toxicol.  1998;36(7):659-66. 

28.  Beatty  L,  Green  R,  Magee  K,  Zed  P.  A  systematic 
review  of  ethanol  and  fomepizole  use  in  toxic  alcohol 
ingestions.  Emerg  Med  Int.  2013;2013:638057. 

29.  Watson  WA.  Ethylene  glycol  toxicity:  closing  in  on 
rational,  evidence-based  treatment.  Ann  Emerg  Med. 
2000;36:139-41. 

30.  Levine  M,  et  al.  Ethylene  glycol  elimination  kinetics 
and  outcomes  in  patients  managed  without  hemodial¬ 
ysis.  Ann  Emerg  Med.  2012;59(6):527. 

31.  Borron  SW,  Megarbane  B,  Baud  FJ.  Fomepizole  in 
treatment  of  uncomplicated  ethylene  glycol  poison¬ 
ing.  Lancet.  1999;354:831. 

32.  Caravati  EM,  Heileson  HL,  Jones  M.  Treatment  of  severe 
pediatric  ethylene  glycol  intoxication  without  hemodialy¬ 
sis.  J  Toxicol  Clin  Toxicol.  2004;42(3):255-9. 


33.  Barceloux  DG,  Bond  GR,  Krenzelok  EP,  Cooper  H, 
Vale  JA.  American  Academy  of  Clinical  Toxicology 
practice  guidelines  on  the  treatment  of  methanol 
poisoning.  J  Toxicol  Clin  Toxicol.  2002;40(4): 
415-46. 

34.  Lheureux  P,  Penaloza  A,  Gris  M.  Pyridoxine  in  clini¬ 
cal  toxicology:  a  review.  Eur  J  Emerg  Med.  2005;  12: 
78-85. 

35.  Jammalamadaka  D,  Raissi  S.  Ethylene  glycol,  metha¬ 
nol,  and  isopropyl  alcohol  intoxication.  Am  J  Med 
Sci.  2010;339(9):276-81. 

36.  Bennett  IL,  Cary  FH,  Mitchell  GL,  Cooper MN.  Acute 
methyl  alcohol  poisoning:  a  review  based  on  experi¬ 
ences  in  an  outbreak  of  323  cases.  Medicine. 
1953;32(4):43 1—63. 

37.  Sharma  R,  Marasini  S,  Sharma  A,  Shrestha  J,  Nepal 
B.  Methanol  poisoning:  ocular  and  neurological  man¬ 
ifestations.  Opt  Vis  Sci.  2012;89(2):178-82. 

38.  Zakharov  S,  Pelclova  D,  Diblik  P,  Urban  P,  Kuthan  P, 
Nurieva  O,  et  al.  Long-term  visual  damage  after 
acute  methanol  poisonings:  longitudinal  cross-sec¬ 
tional  study  in  50  patients.  Clin  Toxicol.  2015;53(9): 
884-92. 

39.  Noker  P,  Ells  J,  Tephly  T.  Methanol  toxicity:  treat¬ 
ment  with  folic  acid  and  5 -formyl  tetrahydrofolic 
acid.  Alcoholism  Clin  Exp  Res.  2008;4(4):378-83. 

40.  Roberts  D,  Yates  C,  Megarbane  B,  Winchester  J, 
McClaren  R,  Gosselin  S,  et  al.  Recommendations  for 
the  role  of  extracorporeal  treatments  in  the  manage¬ 
ment  of  acute  methanol  poisoning:  a  systematic 
review  and  consensus  statement.  Extracorporeal 
Treatments  in  Poisoning  Workgroup.  Crit  Care  Med. 
2015;43(2):461-72. 

41.  Slaughter  R,  Mason  R,  Beasley  D,  Vale  J,  Schep  L. 
Isopropanol  poisoning.  Clin  Toxicol.  2014;52(5): 
470-8. 


Accidental  Hypothermia 


9 


Carrie  Harvey  and  Ivan  Nathaniel  Co 


Abbreviations 


°c 

Degrees  Celsius 

ACLS 

Advanced  Cardiac  Life  Support 

AHA 

American  Heart  Association 

CAVR 

Continuous  arteriovenous 

rewarming 

CPB 

Cardiopulmonary  bypass 

CPR 

Cardiopulmonary  resuscitation 

CVVHD 

Continuous  venovenous 

hemodiafiltration 

CVVR 

Continuous  venovenous 

rewarming 

CXR 

Chest  x-ray 

ECG 

Electrocardiogram 

EMS 

Emergency  Medicine  Services 

IV 

Intravenous 

PRBC 

Packed  red  blood  cells 

VA-ECMO 

Venoarterial  extracorporeal 

membrane  oxygenation 

VF 

Ventricular  fibrillation 

VT 

Ventricular  tachycardia 

VV-ECMO 

Venovenous  extracorporeal 

membrane  oxygenation 
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Case  Presentation 

A  64  year  old  male  with  a  history  of  hypertension 
and  prostate  cancer  was  found  unresponsive  by 
his  wife  around  0800  in  their  driveway  in  the  mid¬ 
dle  of  February  in  Toledo,  OH.  His  wife  had  gone 
to  bed  before  him  the  night  prior  and  did  not  real¬ 
ize  he  was  missing  until  approximately  9  h  later. 
He  was  found  on  his  side  in  a  snow  bank  near  the 
mailbox.  Ambient  temperature  was  approxi¬ 
mately  -2°  Fahrenheit.  He  was  unresponsive  to 
painful  stimuli.  Emergency  Medical  Services 
(EMS)  was  called  and  the  patient  was  transported 
to  the  nearest  Level  I  Trauma  center  with  full  car¬ 
diac  surgery  capabilities.  Transport  vital  signs 
included  undetectable  temperature  by  temporal 
probe,  heart  rate  of  45  beats  per  minute,  blood 
pressure  of  60/palpation,  and  agonal  respirations. 
En  route,  he  received  2  L  of  warmed  crystalloid 
and  was  intubated  for  airway  protection.  Vital 
signs  on  arrival  to  the  Emergency  Department 
were  remarkable  for  heart  rate  of  20  beats  per 
minute  and  blood  pressure  of  50/30.  His  axillary 
temperature  was  unable  to  be  obtained.  Foley 
catheter  was  placed  and  bladder  temperature  was 
24  °C.  Primary  survey  revealed  clear  breath 
sounds  bilaterally,  pupils  5  mm  and  fixed  bilater¬ 
ally,  and  Glascow  Coma  Scale  (GCS)  score  of  3. 
His  clothing  was  removed  with  no  external  signs 
of  trauma.  Cervical  spine  immobilization  was 
maintained  with  a  hard  cervical  collar  applied  by 
EMS  prior  to  arrival.  Electrocardiogram  (ECG) 
was  obtained  with  sample  rhythm  strip  shown  in 
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Fig.  9.1  Classic  electrocardiogram  findings  in  hypothermia.  This  EKG  demonstrates  three  common  findings  in  hypo¬ 
thermia,  including  bradycardia,  shivering  artifact,  and  J-waves  (Image  courtesy  of  lifeinthefastlane.com) 


Fig.  9.1.  Initial  arterial  blood  gas  on  Fi02  1.0  was 
as  follows:  pH  6.73,  paC02  50  mmHg,  pa02 
259  mmHg,  bicarbonate  4.8  mmol/L,  base  deficit 
-29.7,  Sa02  98%,  potassium  5.2  mmol/L,  and 
hemoglobin  13.6  mmol/L.  Toxicology  screen  was 
negative.  Active  rewarming  with  warm  humidi¬ 
fied  air,  warm  intravenous  fluids,  and  warm  fluid 
lavage  of  the  stomach  and  bladder  was  initiated. 
After  30  min,  pulse  was  unobtainable  with  ven¬ 
tricular  fibrillation  noted  on  telemetry. 
Cardiopulmonary  resuscitation  (CPR)  was  initi¬ 
ated  and  he  was  defibrillated  once  at 
200  J.  Ventricular  fibrillation  persisted  and  repeat 
core  temperature  was  25  °C. 

Question  What  is  the  next  best  step  in  rewarm¬ 
ing  this  patient? 

Answer  Initiate  rewarming  via  extracorporeal 
cardiopulmonary  resuscitation  (ECPR) 

When  pulse  and  signs  of  life  are  absent  in 
hypothermia,  treatment  with  extracorporeal 
rewarming  with  extracorporeal  membrane  oxy¬ 
genation  (ECMO)  or  cardiopulmonary  bypass 
(CPB)  is  recommended.  ECMO  can  be  initiated 
in  two  modes:  veno- venous  (VV)  or  veno-arterial 
(VA)  depending  on  the  presence  of  innate  and  pre¬ 
served  cardiac  function.  This  hospital  has  cardiac 


surgery  available  and  consultation  with  the  sur¬ 
geon  is  necessary  to  determine  which  modality  is 
best  for  the  patient.  Due  to  ongoing  CPR,  the 
decision  was  made  to  initiate  VA  ECMO  with  per¬ 
cutaneous  venous  and  arterial  cannulation  at  the 
bedside.  The  heater  on  the  ECMO  circuit  was  set 
to  37  °C  and  rewarming  was  started  as  soon  as 
cannulation  was  complete.  CPR  continued  until 
the  patient  was  rewarmed  to  30  °C,  at  which  point 
defibrillation  was  again  attempted  with  successful 
conversion  to  normal  sinus  rhythm.  After  4  h  of 
ECMO,  his  temperature  and  blood  pressure  had 
normalized.  Repeat  arterial  blood  gas  on  Fi02  0.5 
was:  pH  7  .38,  paC02  39  mmHg,  pa02  92  mmHg, 
bicarbonate  22.6  mmol/L,  base  deficit  -2.2,  Sa02 
99%,  potassium  3.7  mmol/L,  and  hemoglobin 
10.5  mmol/L.  He  received  broad- spectrum  antibi¬ 
otics  for  high  likelihood  of  aspiration  and  contin¬ 
ued  warm  IV  fluids  due  to  presumed  cold  diuresis. 
After  24  h,  the  patient  was  awake  and  following 
commands  with  no  evidence  of  acute  respiratory 
distress  syndrome.  ECMO  support  was  stopped 
and  the  patient  was  extubated  the  following  day 
without  incident.  Neurologic  exam  was  normal. 
He  developed  AKI  requiring  3  days  of  dialysis, 
but  had  complete  renal  recovery.  He  was  dis¬ 
charged  home  after  1  week  with  no  functional  or 
neurologic  impairment. 
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Principles  of  Management 
Diagnosis 

Hypothermia  is  defined  as  a  core  body  tempera¬ 
ture  of  less  than  35  °C  (95  °F)  and  is  classified  by 
severity;  mild,  moderate,  or  severe  (Table  9.1) 
[1].  Standard  thermometers  do  not  read  below 
34  °C,  therefore,  accurate  measurement  of  core 
temperature  should  be  obtained  by  esophageal, 
bladder,  or  rectal  probes  [2] .  If  core  temperature 
cannot  be  readily  measured,  the  Swiss  staging 
system  (Table  9.2)  can  be  used  to  guide  manage¬ 
ment  based  on  clinical  symptoms  [3].  Additional 
risk  factors  for  development  of  accidental  hypo¬ 
thermia  include  extremes  of  age,  ethanol  abuse, 
and  malnutrition  [2] . 

With  cold  exposure,  the  body  attempts  to 
increase  heat  production  by  increasing  circulat¬ 
ing  epinephrine,  which  leads  to  tachycardia, 
increased  minute  ventilation,  peripheral  vasocon¬ 
striction,  and  shivering  [4].  If  exposure  persists, 
these  compensatory  mechanisms  are  over¬ 
whelmed,  resulting  in  decreased  metabolic 
demand,  cessation  of  shivering,  and  ultimately 
death  [3].  The  effects  of  hypothermia  by  organ 
system  are  summarized  in  Table  9.3  and  repre¬ 
sent  typical  clinical  findings. 

Finally,  any  underlying  medical  conditions 
that  may  have  contributed  to  development  of 


Table  9.1  Classification  of  hypothermia 


Mild 

35-32  °C 

Moderate 

<32  to  28  °C 

Severe 

<28  to  24  °C 

Table  9.2  Swiss  staging  system  of  hypothermia 


Stage 

Clinical  symptoms 

I 

Conscious,  shivering 

II 

Altered  mental  status,  no  shivering 

III 

Unconscious,  no  shivering 

IV 

No  vital  signs3 

Data  from  Brown  et  al.  [3] 

The  estimated  core  temperature  in  stage  I,  II,  and  III  cor¬ 
respond  to  mild,  moderate,  and  severe  hypothermia, 
respectively 

aLoss  of  vital  signs  general  occurs  when  the  core  tempera¬ 
ture  is  below  24  °C 


hypothermia  should  be  obtained  by  a  focused  his¬ 
tory  and  physical  exam.  These  include  trauma, 
infection,  toxic  ingestion,  endocrinopathy  (e.g. 
myxedema  coma),  metabolic  derangements,  and 
stroke  [1]. 

Patient  Monitoring 

Due  to  the  dramatic  hemodynamic  changes  that 
can  occur  with  hypothermia  and  rewarming,  all 
patients  should  be  closely  monitored  with 
telemetry,  continuous  pulse  oximetry,  frequent 
blood  pressure  checks,  and  core  temperature 
probe  [3].  Pulse  oximetry  is  often  difficult  to 
measure  due  to  peripheral  vasoconstriction  and 
arterial  blood  gas  may  be  the  only  way  to  assess 
oxygen  content.  There  is  also  limited  data  to 
suggest  that  forehead  pulse  oximetry  may  be 
more  accurate  than  fingertip  devices  in  hypo¬ 
thermia  [5].  The  authors  recommend  pre-emp¬ 
tive  placement  of  defibrillator  pads  if  there  is 
any  concern  for  development  of  ventricular 
dysrhythmias.  The  prognostic  value  of  end- 
tidal  carbon  dioxide  monitoring  in  cardiac 
arrest  secondary  to  accidental  hypothermia  has 
not  been  studied. 

Adjunctive  Testing 

Once  the  diagnosis  of  hypothermia  is  confirmed 
by  core  temperature  measurement,  additional 
testing  should  include  basic  laboratory  studies, 
toxicology  screen,  ECG,  and  chest  radiograph 
(CXR).  Typical  laboratory  findings  are  listed  in 
Table  9.4.  Slowed  cardiac  conduction  manifests 
as  a  variety  of  ECG  changes,  the  most  common 
of  which  is  the  Osborne  wave  (Fig.  9.2),  seen  in 
approximately  80%  of  hypothermic  patients  [7]. 
Baseline  CXR  is  recommended  due  to  the  inher¬ 
ent  risk  of  aspiration  pneumonia  in  this  patient 
population.  CT  head  imaging  in  all  hypothermic 
patients  is  not  clearly  indicated  but  should  be 
considered  if  altered  mental  status  is  present 
despite  temperature  >32  °C  or  signs  of  head 
trauma  are  present  [1].  Further  workup  should  be 
pursued  on  an  individual  basis  if  associated 
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Table  9.3  Clinical  findings  in  hypothermia 


Organ  system 

Mild 

Moderate 

Severe 

Neurologic 

Apathy 

Confusion 

Ataxia 

Dilated  pupils 

Paradoxical  undressing 
Stupor 

Areflexia 

Coma 

Cardiovascular 

Tachycardia 

Bradycardia 

Atrial  fibrillation 
Hypotension 

Ventricular  dysrhythmias 
Asystole 

Pulmonary 

Tachypnea 

Bradypnea 

Pulmonary  edema 

Renal 

High  urine  output 

High  urine  output 

Oliguria 

Metabolic 

Hyperglycemia 

No  shivering 

Respiratory  alkalosis 

Variable  blood  glucose 
Shivering 

Mixed  metabolic  and 
respiratory  acidosis 

Hypoglycemia 

No  shivering 

Mixed  metabolic  and 
respiratory  acidosis 

Data  from  Mulcahy  and  Watts  [1] 


trauma,  infection,  or  other  medical  condition  is 
suspected. 

Rewarming 

There  are  four  general  approaches  to  rewarming: 
passive,  active  external,  active  internal,  and  extra¬ 
corporeal  [8].  The  best  method  depends  on  the 
severity  of  hypothermia  and  resources  available 
to  the  provider,  although  there  are  no  random¬ 
ized,  controlled  trials  regarding  treatment 
approach.  The  average  rates  of  rewarming  for 
each  method  are  listed  in  Table  9.5. 

Passive  rewarming  is  applicable  to  all  hypo¬ 
thermic  patients  and  should  begin  in  the  pre¬ 
hospital  setting,  with  removal  of  wet  clothing, 
application  of  blankets  or  foil  insulator,  and  pro¬ 
tection  from  the  environment  [9].  This  method 
alone  is  only  effective  if  shivering  is  present,  oth¬ 
erwise,  active  rewarming  is  necessary. 

Active  external  rewarming  assumes  circula¬ 
tion  is  intact  and  can  return  warmed  blood  to  the 
core.  Examples  include  warm  blankets,  radiant 
heat  lamps,  forced  air  device  (e.g.  Bair  Hugger™), 
and  warm  water  immersion  [10]. 

Active  internal  rewarming  includes  warm 
humidified  air  (42  °C),  warm  intravenous  (IV) 
fluids  (42  °C),  body  cavity  lavage  (gastric,  tho¬ 
racic,  peritoneal,  bladder),  intravascular  devices, 
and  peritoneal  dialysis  [1,  11].  If  a  commercial 
fluid  warmer  is  not  available,  non-dextrose  con¬ 
taining  fluids  can  be  warmed  in  a  conventional 


Table  9.4  Common  laboratory  derangements  in 
hypothermia 


Test 

Typical 

result 

Comments 

Hematocrit 

High 

Due  to 

hemoconcentration  from 
cold  dieresis 

Potassium 

High 

Potassium  >  12  mmol/L 
considered  universally 
fatal  [3,  6] 

Creatinine 

High 

Creatine 

kinase 

High 

Should  be  checked 
routinely  as  time  down 
often  unknown 

PT/PTT 

High 

Due  to  coagulation 
cascade  enzyme 
denaturation  at  colder 
temperature;  reported 
values  may  be  normal  as 
blood  heated  prior  to 
testing 

Arterial  blood 
gas 

Variable 

Recommend  using 
uncorrected  values  [1] 

Lactate 

High 

microwave  and  then  shaken  to  ensure  uniform 
heating  prior  to  infusion  [12]. 

Extracorporeal  rewarming  is  the  most  effec¬ 
tive  method,  with  up  to  6  °C/h  rate  of  rewarming, 
but  also  the  most  invasive  and  resource  intensive 
[13,  14].  Hemodialysis  is  generally  the  most 
readily  available,  but  requires  an  adequate  blood 
pressure  to  tolerate  the  procedure.  Continuous 
arteriovenous  rewarming  (CAVR)  or  continuous 
venovenous  rewarming  (CVVR)  can  be  achieved 
via  percutaneous  access  and  a  countercurrent 
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Fig.  9.2  Osborne  wave. 
Osborne  wave,  or  J  wave,  is 
frequently  seen  in 
hypothermia,  although  it  is 
not  pathognomonic  for  the 
condition.  It  is  character¬ 
ized  by  a  positive  deflection 
at  the  J  point  (negative  in 
aVR  and  VI)  and  is  usually 
seen  best  in  the  precordial 
leads.  The  height  of  the  J 
wave  generally  corresponds 
to  the  degree  of  hypother¬ 
mia  [7]  (Image  courtesy  of 
lifeinthefastlane.com) 


Table  9.5  Rewarming  techniques 


Technique 

Rate  (°C/h) 

Removal  of  wet  clothing,  insulation 

0.5 

Warm  environment,  warm  oral  fluids, 
active  movement 

2 

Forced- air  heating  device,  warm  IV  fluids 

0. 1-3.4 

Peritoneal  dialysis 

1-3 

Hemodialysis 

2-4 

Thoracic  lavage 

3 

Venovenous  ECMO 

4 

Venoarterial  ECMO 

6 

Cardiopulmonary  bypass 

9 

Data  from  Brown  et  al.  [3] 


heat  exchanger  (e.g.  Belmont®  Rapid  Infuser) 
[15,  16].  Both  methods  utilize  the  patient’s  blood 
pressure  to  drive  the  blood  through  the  device. 
CVVR  by  continuous  venovenous  hemodiafiltra- 
tion  (CVVHD)  has  also  been  shown  to  be  effec¬ 
tive  in  a  case  report  [17].  Veno-arterial  ECMO 
and  CPB  require  the  most  resources  and  exper¬ 
tise,  but  bypasses  the  native  circulation  and  can 
therefore  be  used  in  patients  in  cardiac  arrest. 

For  patients  with  stable  hemodynamic 
parameters,  active  rewarming  with  a  forced  air 
device,  warm  humidified  air,  and  warm  IV  fluids 
is  generally  sufficient  to  achieve  normothermia 
[18].  If  these  initial  measures  are  not  sufficient, 
a  patient  can  undergo  more  invasive  rewarming. 
Thoracic  lavage  and  ECMO  carry  considerable 
risk  and  should  be  reserved  for  those  patients 
with  cardiac  instability  [11].  Expert  opinion  rec¬ 
ommends  ECMO  if  required  resources  are 
available  [3,  11]. 


Hypothermia  Without  a  Pulse 

The  2010  American  Heart  Association  (AHA) 
guidelines  provide  recommendations  on 
advanced  cardiac  life  support  (ACLS)  modifica¬ 
tions  in  hypothermia,  although  these  are  based  on 
expert  opinion  and  case  reports  only  (level  of  evi¬ 
dence  C): 

(a)  If  a  patient  does  not  have  a  pulse,  ACLS  should 
be  immediately  initiated,  unless  one  of  the  fol¬ 
lowing  is  present:  valid  Do  Not  Resuscitate 
order,  patient  is  frozen  solid,  there  is  ice  in  the 
airway,  core  temperature  is  <10  °C,  the  patient 
was  submerged  for  more  than  1  h,  or  there  is 
obvious  lethal  injury  [1,3,  19]. 

(b)  If  ventricular  fibrillation  (VF)  or  ventricu¬ 
lar  tachycardia  (VT)  is  present,  defibrilla¬ 
tion  should  be  attempted  [20].  The  number 
of  attempts  that  should  be  made  if  VF  or 
VT  persists  has  not  been  established.  The 
AHA  guidelines  state  that  it  may  be  reason¬ 
able  to  perform  further  defibrillation  (Class 
lib  recommendation),  while  most  treatment 
algorithms  recommend  only  one  shock 
until  the  patient  is  rewarmed  to  30  °C  [1,  3]. 

(c)  There  is  a  theoretical  concern  for  toxic  accumu¬ 
lation  of  ACLS  drugs  due  to  reduction  in  drug 
metabolism  in  severe  hypothermia.  The  AHA 
guidelines  state  that  the  safety  of  administration 
or  withholding  of  medication  is  unclear,  but  that 
it  is  reasonable  to  consider  administration  of  a 
vasopressor  according  to  standard  ACLS  guide¬ 
lines  (Class  lib  recommendation).  Similarly, 
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expert  opinion  recommends  up  to  three  doses  of 
epinephrine,  with  re-evaluation  once  the  patient 
is  rewarmed  to  30  °C  [3, 18]. 

In  patients  with  return  of  spontaneous  circula¬ 
tion  after  cardiac  arrest,  multi-organ  failure 
should  be  anticipated  and  treated  similar  to  any 
other  critically  ill  patient. 

Other  Supportive  Care 

The  majority  of  patients  will  present  with  hypovo¬ 
lemia  secondary  to  cold  diuresis  and  will  conse¬ 
quently  require  aggressive  fluid  resuscitation.  In 
one  study  of  38  severely  hypothermic  patients 
who  received  warmed  IV  fluids,  the  average  vol¬ 
ume  load  was  4.8  L  [20].  Hyperglycemia  (mild 
hypothermia)  and  hypoglycemia  (severe  hypo¬ 
thermia)  are  also  common,  thus,  serum  glucose 
level  should  be  obtained  and  treated  accordingly. 
Alcohol  intoxication  should  prompt  consideration 
of  thiamine  and  alert  the  provider  to  the  potential 
for  alcohol  withdrawal.  It  is  recommended  that 
broad- spectrum  antibiotics  be  given  to  those 
patients  at  risk  for  associated  infection,  such  as 
neonates,  the  elderly,  and  the  homeless,  as  those 
with  infection  often  respond  poorly  to  rewarming 
[21].  There  is  no  evidence  for  empiric  steroids, 
unless  there  is  high  clinical  suspicion  for  adrenal 
insufficiency  as  the  cause  of  hypothermia  [1]. 

Disposition 

Those  patients  who  presented  with  mild  hypo¬ 
thermia  that  responded  to  rewarming  methods, 
have  a  clear  history  of  cold  exposure,  and  have  no 
evidence  of  an  underlying  disease  or  injury  can 
be  safely  discharged  home.  All  other  patients 
require  hospital  admission,  usually  to  the  inten¬ 
sive  care  unit  (ICU),  for  continued  monitoring 
and  supportive  care. 

In  patients  with  cardiac  arrest,  the  survival  rate 
without  neurologic  impairment  is  higher  in  patients 
treated  with  ECMO  (47-63%)  as  compared  to 
those  without  (<37%)  [3,  22,  23].  Therefore, 
patients  with  cardiac  instability  or  arrest  should  be 
taken  to  the  nearest  facility  capable  of  these  inter¬ 


ventions  whenever  possible.  There  are  no  guide¬ 
lines  regarding  inter-hospital  transfer  and  this 
decision  should  be  made  on  a  case-by-case  basis 
with  the  consulting  cardiac  surgeon. 

As  mentioned  above,  there  are  certain  circum¬ 
stances  in  which  CPR  should  not  be  initiated. 
Some  experts  also  provide  recommendations  on 
when  to  stop  an  ongoing  resuscitation.  All  experts 
agree  that  a  patient  should  receive  aggressive 
resuscitation  including  CPR  until  core  tempera¬ 
ture  is  at  least  30  °C.  A  recent  review  article  sug¬ 
gests  that  if  asystole  secondary  to  hypothermia 
persists  despite  rewarming  to  32  °C,  termination 
of  CPR  should  be  considered  as  the  cardiac  arrest 
is  likely  irreversible  [3].  Similarly,  markedly  ele¬ 
vated  potassium  is  considered  a  marker  of  hypoxia 
before  hypothermia  and  therefore  negatively 
associated  with  outcome.  Most  experts  agree  that 
resuscitation  is  futile  if  the  potassium  level  is 
>12  mmol/L  [3,6].  The  highest  potassium  level  in 
patients  that  survived  was  7.9  mmol/L  in  an  adult 
[23]  and  11.8  mmol/L  in  a  child  [24]. 

Pediatric  Patients 

In  general,  the  management  of  pediatric  acciden¬ 
tal  hypothermia  is  the  same  as  adults.  Pediatric 
Advanced  Life  Support  (PALS)  should  be  used  in 
place  of  the  ACLS  algorithm.  Pathophysiology 
and  principles  of  rewarming  are  similar,  with  suc¬ 
cessful  resuscitation  via  ECMO  and  CPB  reported 
in  the  pediatric  population.  Hypothermia  second¬ 
ary  to  submersion  is  more  common  in  pediatric 
patients  and  carries  a  worse  prognosis  due  to  asso¬ 
ciated  asphyxia.  The  longest  duration  of  submer¬ 
sion  with  full  neurologic  recovery  was  66  min  and 
used  ECMO  for  rewarming  [25].  Guidelines  for 
cessation  of  resuscitation  are  similar  to  adults. 

Evidence  Contour 
Withholding  CPR 

As  stated  above,  the  2010  AHA  guidelines  rec¬ 
ommend  ACLS  if  a  pulse  cannot  be  palpated. 
However,  it  can  be  difficult  to  palpate  a  pulse  in  a 
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cold,  stiff  patient  and  many  experts  now  advocate 
that  CPR  should  be  held  if  other  signs  of  life  are 
present,  which  include  spontaneous  respirations, 
spontaneous  movement,  or  adequate  cardiac 
activity  is  visualized  on  bedside  echocardiogra¬ 
phy  [1,3].  Given  the  profound  decrease  in  meta¬ 
bolic  demand,  it  is  hypothesized  that  any 
organized  rhythm  (i.e.  bradycardia  or  adequate 
echocardiographic  evidence  of  cardiac  activity) 
provides  enough  perfusion  to  the  body  in  hypo¬ 
thermia.  Additionally,  there  is  a  long-standing 
belief  that  sudden  movement  of  a  hypothermic 
patient  may  irritate  the  myocardium  and  induce  a 
dysrhythmia,  such  as  in  CPR  [26].  This  hypoth¬ 
esis  has  never  been  directly  studied  in  humans. 
Thus,  in  a  hypothermic  patient  with  a  pulse, 
spontaneous  movement  and/or  respiration,  or 
with  bedside  echo  evidence  of  adequate  cardiac 
activity,  ACLS  should  be  held.  Otherwise,  con¬ 
tinuation  of  ACLS  should  be  initiated  per  the 
AHA  guidelines. 

Degree  of  Rewarming  in  Cardiac 
Arrest 

Given  the  neuroprotective  effect  of  induced 
hypothermia  following  cardiac  arrest,  it  is  recom¬ 
mended  that  a  patient  with  accidental  hypother¬ 
mia  and  cardiac  arrest  undergo  therapeutic 
hypothermia  for  24  h. 

Timing  of  Extracorporeal  Support 

It  remains  unclear  if  aggressive  extracorporeal 
rewarming  with  VA  or  VV  ECMO  should  be  ini¬ 
tiated  in  patients  without  associated  cardiac 
arrest.  Some  authors  do  recommend  ECMO  in 
patients  with  hemodynamic  instability  who  do 
not  respond  to  initial  medical  management  [3]. 
Conversely,  one  prospective  study  of  38  patients 
with  severe  hypothermia  without  cardiac  arrest 
found  that  92  %  of  the  patients  could  be  success¬ 
fully  rewarmed  to  normothermia  via  forced  air 
device,  warmed  inhaled  oxygen,  and  warmed  IV 
fluids  within  10  h,  including  14  of  17  patients 
with  unstable  hemodynamic  parameters  [20] . 


Selection  of  Extracorporeal  Support 

There  are  no  randomized  controlled  trials  com¬ 
paring  the  various  rewarming  modalities. 
Expert  opinion  recommends  that  a  hypother¬ 
mic  patient  who  has  hemodynamic  instability 
following  accidental  hypothermia  should 
undergo  extracorporeal  support.  VA  ECMO  is 
the  mode  of  ECMO  preferred  as  it  provides 
cardiac  support  in  addition  to  rewarming  [27]. 
Selection  of  modality  for  rewarming  will 
depend  on  resources  available  at  the  physi¬ 
cian’s  institution. 

Transcutaneous  Pacing 

Classic  teaching  in  hypothermia  has  been  to  avoid 
any  manipulation  of  the  heart  rate  due  to  concern 
of  inducing  a  ventricular  dysrhythmia.  However,  a 
case  report  of  two  patients  reported  successful 
rewarming  using  CAVR  with  concomitant  trans¬ 
cutaneous  pacing  [28].  In  both  cases,  pacing  was 
required  to  maintain  blood  pressure  so  that  CAVR 
could  be  used.  There  were  no  reported  dysrhyth¬ 
mias  and  both  patients  had  normal  neurologic  out¬ 
comes.  Still,  it  is  hypothesized  that  bradycardia 
and  hypotension  in  hypothermia  may  not  be 
harmful  due  to  the  reduced  metabolic  require¬ 
ments.  A  trial  of  transcutaneous  pacing  is  reason¬ 
able  but  should  not  delay  the  initiation  of 
rewarming. 

Endovascular  Rewarming 

Successful  rewarming  of  a  patient  using  an  endo¬ 
vascular  device  has  been  reported  [29,  30].  This 
device  is  the  same  as  those  used  for  therapeutic 
hypothermia  following  cardiac  arrest,  which 
requires  only  percutaneous  central  venous  access. 
This  method  had  a  rewarming  rate  of  3  °C/h, 
which  is  similar  to  thoracic  lavage  and  may  there¬ 
fore  be  an  efficient,  less  invasive  alternative  in 
facilities  in  which  extracorporeal  rewarming  is 
not  available.  Similar  to  other  active  internal 
methods,  the  endovascular  approach  requires  that 
the  patient  have  a  pulse. 
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Core  Afterdrop 

A  commonly  taught  phenomenon  of  active  exter¬ 
nal  rewarming  is  core  afterdrop,  which  is  defined 
as  continued  core  cooling  despite  rewarming. 
The  prevailing  theory  was  that  peripheral  vasodi¬ 
lation  from  external  rewarming  could  lead  to 
both  distributive  shock  and  return  of  peripheral 
acidemic  blood  to  the  core.  This  has  largely  been 
refuted  by  subsequent  studies  that  argue  that 
shock  occurs  secondary  to  inadequate  fluid  resus¬ 
citation  in  the  context  of  cold  diuresis.  Studies  in 
which  active  external  rewarming  is  paired  with 
accurate  core  temperature  measurement  with  an 
esophageal  probe  and  concurrent  warm  IV  fluid 
administration  do  not  report  afterdrop  [10,  20]. 
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Case  Presentation 

A  60  year-old  man  with  known  coronary  artery 
disease  complained  to  coworkers  of  intermittent 
chest  pain  for  several  days  prior  to  admission.  On 
the  morning  of  admission,  he  developed  crushing 
chest  pain  at  work  and  then  lost  consciousness. 
Coworkers  phoned  911  and  performed 
CPR.  Emergency  Medical  Technicians  arrived 
15  min  later,  and  reported  an  initial  cardiac  rhythm 
of  ventricular  fibrillation.  He  was  successfully 
resuscitated,  and  a  post  arrest  ECG  was  then  per¬ 
formed  (Fig.  10.1).  The  hospital’s  ST-elevation 
myocardial  infarction  (STEMI)  team  was  acti¬ 
vated  from  the  field,  and  the  patient  was  trans¬ 
ported  to  the  Emergency  Department.  Upon 
arrival  he  was  hypoxemic  and  hypotensive.  He 
was  intubated  prior  to  emergent  coronary  angiog¬ 
raphy.  Coronary  angiogram  revealed  a  complete 
occlusion  at  the  site  of  a  prior  proximal  left  ante¬ 
rior  descending  (LAD)  coronary  artery  stent 
(Fig.  10.2)  as  well  as  a  70%  stenosis  of  the  mid 
right  coronary  artery.  After  much  difficulty,  a  wire 
was  passed  through  the  proximal  LAD  blockage 
and  the  artery  was  re- stented  with  restoration  of 


M.G.  Silverman  •  B.A.  Olenchock  (E3) 

Division  of  Cardiovascular  Medicine,  Department 
of  Medicine,  The  Brigham  and  Women’s  Hospital 
and  Harvard  Medical  School,  Boston,  MA,  USA 
e-mail:  bolenchock@partners.org 


normal  flow.  The  patient  remained  hypotensive, 
requiring  vasopressor  support  with  norepineph¬ 
rine  to  maintain  a  blood  pressure  of  80/60  mmHg. 

Question  What  is  the  next  step  in  management 
to  optimize  this  patient’s  hemodynamics  and 
treat  his  shock? 

Answer  Initiation  of  mechanical  circulatory 
support. 

For  patients  in  cardiogenic  shock  (CS)  from  an 
acute  myocardial  infarction  (MI)  who  continue  to 
have  hypotension  and  inadequate  cardiac  output 
despite  revascularization  and  pharmacotherapy,  it 
is  reasonable  to  consider  the  use  of  mechanical 
circulatory  support.  This  patient  underwent  place¬ 
ment  of  an  intra-aortic  balloon  pump  (IABP)  and 
placement  of  a  flow-directed  pulmonary  artery 
catheter  for  invasive  hemodynamic  monitoring. 
His  initial  hemodynamics  were  notable  for  an 
elevated  pulmonary  capillary  wedge  pressure 
(PCWP)  of  29  mmHg  and  a  low  cardiac  index  of 
1.5  L/min,  confirming  the  diagnosis  of  CS.  With 
placement  of  the  IABP  there  was  mild  improve¬ 
ment  in  his  hemodynamics,  and  he  was  admitted 
to  the  Cardiac  Intensive  Care  Unit  (CICU)  for 
ongoing  management.  A  transthoracic  echocar¬ 
diogram  was  obtained,  which  demonstrated  a 
severely  reduced  ejection  fraction  of  15%  with 
anterior  and  anteroseptal  wall  akinesis  and  global 
hypokinesis  of  the  remaining  wall  segments.  Over 
the  next  12-18  h,  despite  the  IABP  and  increasing 
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Fig.  10.1  Admission  ECG 


doses  of  pharmacologic  support  with  vasopres- 
sors/inotropes,  his  hemodynamics  remained  mar¬ 
ginal  with  worsening  renal  failure.  In  the  setting 
of  progressive  shock,  the  patient  was  brought 
back  to  the  catheterization  lab  to  upgrade  his 
mechanical  circulatory  support  to  a  TandemHeart® 
percutaneous  left  ventricular  assist  device 
(LVAD).  Although  his  filling  pressures  and  car¬ 
diac  output  improved  with  the  increased  mechani¬ 
cal  circulatory  support,  his  overall  clinical  picture 
continued  to  deteriorate,  and  his  family  ultimately 
decided  to  transition  his  goals  of  care  to  comfort 
measures  only.  His  mechanical  and  pharmaco¬ 
logic  supports  were  withdrawn  and  he  expired. 

Principles  of  Management 
Diagnosis 

Cardiogenic  shock  (CS)  occurs  in  roughly  8  %  of 
individuals  who  present  with  STEMI,  while  80  %  of 
CS  cases  are  due  to  an  acute  MI  [1,2].  The  diagno¬ 
sis  of  CS  can  be  made  based  on  the  following  estab¬ 
lished  clinical  criteria:  (1)  Hypotension  -  systolic 
blood  pressure  <90  mmHg  for  more  than  30  min  or 
the  need  for  vasopressor/mechanical  support  to 
achieve  this  blood  pressure;  (2)  pulmonary  edema 
or  evidence  of  elevated  left  ventricular  filling  pres¬ 
sures;  (3)  evidence  of  end-organ  hypoperfusion 
with  at  least  one  of  the  following:  altered  mental 
status,  cold  clammy  skin  or  extremities,  urine  out¬ 
put  less  than  30  ml/h,  or  elevated  serum  lactate 
greater  than  2  mmol/L  [2-4].  The  hemodynamic 
criteria  for  CS  include  a  cardiac  index  (Cl)  of  less 
than  2.2  L/min/m2  as  well  as  a  PCWP  greater  than 


Fig.  10.2  Coronary  angiogram,  LAO  Caudal  view,  dem¬ 
onstrating  stent  thrombosis  of  LAD  (arrow) 

18  mmHg  [3].  Invasive  hemodynamics  with  a  pul¬ 
monary  arterial  catheter  have  been  recommended 
and  are  often  used  to  help  confirm  the  diagnosis  of 
CS  and  help  guide  management  [3,  5,  6]. 


Early  Revascularization 

The  most  significant  advance  in  treatment  of  CS 
has  been  the  implementation  of  early  revascular¬ 
ization  of  the  infarct-related  artery,  which  has  led 
to  a  significant  decrease  in  mortality  [4].  The 
Should  We  Emergently  Revascularize  Occluded 
Coronaries  for  Cardiogenic  Shock  (SHOCK) 
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trial  randomized  302  patients  with  CS  from  an 
acute  MI  to  undergo  either  emergency  revascu¬ 
larization  (152  patients)  or  initial  medical  stabili¬ 
zation  (150  patients)  [7].  Patients  underwent 
revascularization  with  either  percutaneous  coro¬ 
nary  intervention  (PCI)  or  coronary  artery  bypass 
grafting  (CABG).  Although  the  primary  endpoint 
of  30  day  all-cause  mortality  was  not  signifi¬ 
cantly  different  between  the  revascularization 
and  the  medical-therapy  groups  (46.7  %  and 
56.0%  respectively,  p  =  0.11),  there  was  a  signifi¬ 
cant  difference  between  the  respective  groups  at 
6  months  favoring  the  revascularization  group 
(50.3  %  versus  63.1  %,  p  =  0.027).  The  13  %  abso¬ 
lute  risk  reduction  persisted  at  longer  term  follow 
up  of  1  and  6  years  [7,  8].  As  a  result  of  this  trial, 
current  guidelines  give  early  revascularization 
with  either  PCI  or  CABG  a  class  lb  recommenda¬ 
tion  [3,  5,  9]. 

Vasopressors/lnotropes 

Vasopressors  and  inotropes  are  often  required  to 
treat  patients  with  CS  [2].  Dopamine  and 
Norepinephrine  are  commonly  used  vasopressors 
that  were  compared  in  a  randomized  control  trial 
including  1,679  patients  with  shock,  of  whom 
280  were  classified  as  having  CS.  The  overall 
trial  demonstrated  an  increased  burden  of  arrhyth¬ 
mic  events  in  the  dopamine  treated  group  com¬ 
pared  with  the  norepinephrine  treated  group, 
although  there  was  no  difference  in  the  primary 
endpoint  of  all-cause  mortality.  However,  in  the 
predefined  subgroup  of  280  patients  with  CS, 
norepinephrine  was  associated  with  a  signifi¬ 
cantly  lower  death  rate  compared  to  dopamine 
[10].  As  a  result,  the  European  Society  of 
Cardiology  (ESC)  guidelines  recommend  norepi¬ 
nephrine  over  dopamine  for  medical  manage¬ 
ment  of  hypotension  from  CS,  and  the  American 
College  of  Cardiology  (ACC)/American  Heart 
Association  (AHA)  guidelines  caution  that  there 
may  be,  “excess  hazard”  associated  with  the  use 
of  dopamine  in  CS  [3,  5]. 

Inotropic  support  with  dobutamine  increases 
heart  rate,  stroke  volume,  and  cardiac  output, 
while  decreasing  left  ventricular  filling  pres¬ 


sures  and  systemic  vascular  resistance  [11]. 
Since  dobutamine  can  decrease  blood  pressure, 
it  is  often  used  in  conjunction  with  vasopressors 
to  improve  cardiac  output  in  the  setting  of  CS 
from  acute  MI  [2,  4].  Milrinone  also  increases 
heart  rate,  stroke  volume,  and  cardiac  output 
while  decreasing  left  ventricular  filling  pres¬ 
sures  and  systemic  vascular  resistance.  However, 
because  milrinone  can  cause  more  significant 
vasodilation  and  hypotension,  it  is  not  a  pre¬ 
ferred  inotropic  agent  in  CS  from  acute  MI  [4]. 
Although  inotropes  and  vasopressors  can 
improve  cardiac  output  and  blood  pressure,  they 
also  increase  myocardial  oxygen  demand, 
increase  risk  for  arrhythmias,  and  can  impair 
microcirculation;  therefore  their  use  should  be 
limited  to  the  lowest  dose  for  the  shortest  dura¬ 
tion  possible  [2,  4,  11]. 

The  goal  of  inotropic/vasopressor  support  is  to 
maintain  end-organ  perfusion.  In  general,  a  target 
of  a  mean  arterial  pressure  >=65  mmHg  is  rea¬ 
sonable.  However,  evidence  of  organ  function 
(mental  status,  renal  function,  absence  of  bio¬ 
chemical  evidence  of  organ  ischemia)  is  more 
important. 

Percutaneous  Mechanical  Circulatory 
Support 

Given  the  limitations  of  pharmacologic  support 
with  vasopressors  and  inotropes  to  maintain  ade¬ 
quate  blood  pressure  and  tissue  perfusion,  there 
has  been  much  interest  in  the  use  of  percutaneous 
mechanical  circulatory  support  (MCS).  There  are 
now  multiple  device  options,  and  over  the  past 
several  years  there  has  been  a  significant  increase 
in  the  use  of  percutaneous  MCS  [12].  Currently 
available  devices  include  the  intra-aortic  balloon 
pump  (IABP),  the  Impella®  micro-axial  rotary 
pumps  (2.5,  CP,  and  5.0),  the  TandemHeart® 
continuous  flow  centrifugal  pump,  and  percuta¬ 
neous  venoarterial  extracorporeal  membrane 
oxygenation  (v-a  ECMO).  These  devices  all 
require  anticoagulation  and  have  been  associated 
with  adverse  events  including  limb  ischemia, 
stroke,  infection,  and  hemolysis.  The  ACC/ AHA 
guidelines  give  a  class  Ha  recommendation  for 
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Table  1 0.1  Comparison  of  device  characteristics  and  hemodynamics 


IABP 

Impella® 

2.5 

Impella® 

CP 

Impella® 

5.0 

TandemHeart™ 

ECMO 

Hemodynamic 
support  (L/min) 

0.5-1. 0 

2.5 

3. 7-4.0 

5.0 

4.0 

4.0-7. 0 

Pump  mechanism 

Pneumatic 

Axial  flow 

Axial  flow 

Axial  flow 

Centrifugal 

Centrifugal 

Effect  on  LV 
pre-load 

Reduced 

Reduced 

Reduced 

Reduced 

Reduced 

Reduced 

Effect  on  LV 
afterload 

Reduced 

Neutral 

Neutral 

Neutral 

Increased 

Increased 

IABP  intra- aortic  balloon  pump,  ECMO  extracorporeal  membrane  oxygenation,  LV  left  ventricle 


the  use  of  IABP  in  patients  with  CS  after  STEMI, 
whereas  the  ACC/AHA  and  the  ESC  give  a  lib 
recommendation  for  the  use  of  alternative  percu¬ 
taneous  left  ventricular  assist  devices  (LVADs)  in 
patients  with  CS  [3,  5,  9].  The  different  devices 
are  discussed  here  and  in  Table  10.1. 

Intra-Aortic  Balloon  Pump 

The  IABP  is  placed  in  the  descending  thoracic 
aorta  via  femoral  arterial  access.  The  pneumatic 
device  inflates  during  diastole,  raising  diastolic 
blood  pressure,  and  deflates  during  systole,  low¬ 
ering  left  ventricular  afterload.  Figure  10.3  dem¬ 
onstrates  the  typical  IABP  waveforms.  The  IABP 
can  increase  stroke  volume  and  cardiac  output  up 
to  0. 5-1.0  L/min  [4].  The  IABP  is  widely  avail¬ 
able  and  is  the  most  commonly  used  mechanical 
support  device,  although  it  provides  limited 
hemodynamic  support  [2]. 

Impella®  2.5,  CP,  and  5.0 

The  axial  flow  device  is  typically  placed  via  fem¬ 
oral  arterial  access  retrograde  across  the  aortic 
valve  and  provides  support  by  aspirating  blood 
from  the  left  ventricle  and  pumping  it  into  the 
ascending  aorta  (Fig.  10.4).  The  2.5  and  CP  can 
provide  up  to  2.5  L/min  and  3. 7-4.0  L/min  of 
support,  respectively,  and  both  can  be  placed  per- 
cutaneously.  The  5.0  can  provide  up  to  5.0  L/min 
of  support,  but  requires  a  surgical  cut  down  of 
either  the  femoral  or  axillary  artery  [2,  4]. 

TandemHeart® 

This  continuous  flow  centrifugal  device  is  placed 
percutaneously  and  can  deliver  up  to  4.0  L/min  of 
circulatory  support.  The  inflow  cannula  is  placed 


in  the  left  atrium  via  femoral  venous  access  and 
transseptal  puncture  (Fig.  10.4).  The  outflow  can¬ 
nula  is  placed  in  the  lower  abdominal  aorta  or  the 
iliac  artery  via  femoral  arterial  access. 
Oxygenated  blood  is  aspirated  from  the  left 
atrium  into  the  inflow  cannula,  and  is  then 
pumped  into  the  lower  abdominal  aorta  or  the 
iliac  artery  via  the  outflow  cannula.  The 
TandemHeart®  increases  afterload  because 
blood  is  pumped  retrograde  towards  the  left  ven¬ 
tricle  [2,  4]. 

Venoarterial  Extracorporeal  Membrane 
Oxygenation  (v-a  ECMO) 

The  percutaneous  v-a  ECMO  system  includes  a 
centrifugal  pump,  heat  exchanger,  and  oxygen¬ 
ator.  The  inflow  cannula  is  placed  in  the  right 
atrium  via  femoral  venous  access,  and  the  out¬ 
flow  cannula  is  placed  in  the  descending  thoracic 
aorta  via  femoral  arterial  access.  V-a  ECMO  can 
provide  up  to  4.0-7. 0  L/min  of  biventricular  cir¬ 
culatory  support  (bypasses  both  the  right  and  left 
ventricle)  as  well  as  respiratory  support. 
Limitations  are  that  it  does  not  directly  unload 
the  left  ventricle,  it  increases  afterload,  and 
requires  additional  staffing  [2,  4]. 

Temporary  Surgical  Mechanical 
Circulatory  Support 

When  percutaneous  MCS  is  inadequate,  tempo¬ 
rary  surgical  MCS  with  a  surgically  placed  VAD 
can  provide  support  for  both  the  right  and  left 
ventricle  with  increased  flow  (up  to  10  L/min) 
[13].  These  surgically  placed  VADs  can  also  be 
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Intra-aortic  Balloon  Pump  (IABP) 


Evidence  Contour 


Fig.  10.3  Intra-aortic  balloon  pump  (IABP)  pressure 
waveforms,  with  IABP  inflation  set  to  2:1.  The  IABP  is 
inflated  in  early  diastole  at  the  timing  of  the  dichrotic 
notch,  augmenting  blood  pressure  during  diastole,  thus 
augmenting  coronary  perfusion  pressure.  The  balloon 
deflates  in  late  diastole,  lowering  aortic  end  diastolic  pres¬ 
sure,  decreasing  afterload  on  the  left  ventricle,  and 
unloading  the  left  ventricle  during  systole 


left  in  place  for  weeks  to  months  if  necessary, 
providing  a  longer  term  temporary  solution  while 
waiting  for  recovery  or  as  a  bridge  to  transplant. 
The  CentriMag®  VAD  (magnetically  levitated 
rotor)  and  the  Abiomed  AB5000™  (pneumati¬ 
cally  driven  external  ventricle)  are  two  examples 
of  temporary  surgical  MCS. 

There  are  three  outcomes  of  Mechanical 
Circulatory  Support:  (1)  Recovery,  i.e.  improve¬ 
ment  in  hemodynamics  such  that  MCS  can  be 
removed.  (2)  Implantation  of  a  durable  LVAD,  or 
in  rare  circumstances,  heart  transplantation.  (3) 
Progressive  multisystem  organ  dysfunction  and 
death.  There  are  little  data  regarding  the  optimal 
patient  selection  and  timing  of  percutaneous 
MCS,  and  we  recommend  that  each  patient  be 
evaluated  on  an  individualized  basis  with  input 
from  a  multidimensional  team. 


There  are  several  aspects  in  the  management  of 
patients  with  CS  from  an  acute  MI  for  which 
clinical  equipoise  still  exists. 


Multivessel  Revascularization 

Although  the  SHOCK  trial  demonstrated  the  ben¬ 
efit  of  early  culprit  vessel  revascularization  in  CS 
from  STEMI,  the  optimal  revascularization  strat¬ 
egy  among  individuals  with  multivessel  disease 
remains  unclear.  A  critical  eye  toward  these  data 
will  note  that  the  primary  endpoint  was  not  met 
and  thus  all  additional  analyses  in  the  SHOCK 
trial  were  inherently  exploratory.  Nonetheless, 
since  no  other  strategies  have  proven  effective  in 
CS,  early  revascularization  remains  the  paradigm. 
Nearly  3A  of  individuals  who  present  with  CS 
from  acute  MI  have  multivessel  coronary  disease 
[14].  Current  ESC  guidelines  recommend  multi¬ 
vessel  PCI  (class  Ha)  for  individuals  with  CS  who 
have  multivessel  coronary  artery  disease  [9].  The 
ACC/ AHA  guidelines  do  not  give  an  overt  recom¬ 
mendation,  but  do  recognize  shock  or  severe  heart 
failure  as  a  clinical  scenario  in  which  acute  revas¬ 
cularization  of  significant  stenosis  in  noninfarct 
arteries  can  be  justified  [5].  The  current  evidence 
as  it  relates  to  patients  with  CS  comes  from  non- 
randomized  studies  looking  at  outcomes  associ¬ 
ated  with  multivessel  PCI  in  CS  from  acute 
MI.  Two  of  these  trials  demonstrated  significant 
harm  associated  with  multivessel  PCI,  one  trial 
demonstrated  significant  benefit,  and  one  demon¬ 
strated  no  change  in  mortality  [14-17].  There  is 
an  ongoing  prospective  randomized  control  trial 
in  Europe,  the  CULPRIT-SHOCK  trial 
(Clinicaltrials.gov:  NCT01927549),  which  seeks 
to  answer  this  question. 


Mechanical  Circulatory  Support 

Although  the  use  of  percutaneous  mechanical  circu¬ 
latory  support  is  increasing,  there  are  limited  data 
supporting  this  practice.  The  Intra-aortic  Balloon 
Pump  in  Cardiogenic  Shock  II  (IABP-SHOCK  II) 
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Tandem  Heart 


Impella 


Fig.  10.4  Images  of  percutaneous  LVADs:  Tandem  Heart®  and  Impella® 


Trial  randomized  600  patients  with  CS  from  acute 
MI  to  IABP  versus  no  IABP.  All  participants  were 
supposed  to  undergo  early  revascularization  and 
receive  guideline  driven  medical  therapy.  At  30 
days  there  was  no  difference  in  the  primary  end¬ 
point  of  all-cause  mortality,  and  these  results  per¬ 
sisted  at  12  month  follow  up  [18,  19].  As  a  result, 
the  ESC  has  recently  changed  their  recommenda¬ 
tion  for  IABP  in  CS  from  acute  MI  to  a  class  III 
indication  [9]. 

A  meta-analysis  was  published  in  2009  com¬ 
paring  the  effect  of  percutaneous  left  ventricu¬ 
lar  assist  devices  (LVADs)  versus  IABP  on 
hemodynamics  and  30-day  mortality  [20].  The 
meta-analysis  included  two  trials  comparing 
the  TandemHeart®  to  IABP  and  one  comparing 
the  Impella®  to  IABP  There  was  a  significant 
improvement  in  hemodynamics  (higher  cardiac 
index,  higher  MAP,  and  lower  PCWP)  with  per¬ 
cutaneous  LVADs  compared  to  IABP.  However, 
there  was  no  difference  in  30  day  mortality,  and 
there  was  a  significantly  increased  risk  of 


bleeding  in  patients  with  percutaneous  LVADs 
versus  IABP.  Importantly,  the  Impella®  device 
used  in  the  randomized  control  trial  was  the 
2.5.  It  remains  unclear  if  the  higher  flow 
Impella®  devices  (CP  and  5.0)  would  be  asso¬ 
ciated  with  lower  mortality  when  compared  to 
IABP.  There  are  no  randomized  control  trials 
that  have  evaluated  the  use  of  v-a  ECMO  in  CS 
despite  its  widespread  use  for  this  indication. 

Despite  the  lack  of  evidence,  both  the  ACC/ 
AHA  and  the  ESC  recommend  consideration 
of  mechanical  circulatory  support  for  patients 
with  CS  from  acute  MI  [3,  5].  Given  the  high 
mortality  rate  associated  with  CS  in  acute  MI, 
it  is  likely  that  the  use  of  percutaneous  mechan¬ 
ical  circulatory  support  will  continue  notwith¬ 
standing  the  lack  of  hard  outcome  data. 
Additionally,  these  devices  improve  hemody¬ 
namic  parameters  and  provide  a  critical  bridge 
to  further  clinical  decision  making,  including 
considerations  of  durable  VADs,  cardiac  trans¬ 
plant  evaluations,  and  goals  of  care  discussions 
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with  the  patient’s  family  and  proxies.  Future 
clinical  trials  are  needed  to  better  define  patient 
selection,  choice  of  mechanical  support,  and 
optimal  timing  for  device  placement. 
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Case  Presentation 

A  55  year  old  male  with  history  of  coronary 
artery  disease  (CAD),  chronic  systolic  heart  fail¬ 
ure,  and  chronic  obstructive  pulmonary  disease 
(COPD)  presented  to  the  hospital  with  5  days  of 
cough,  exertional  dyspnea,  and  fatigue.  The 
patient’s  past  medical  history  was  notable  for  a 
remote  history  of  emergent  percutaneous  coro¬ 
nary  intervention  for  an  acute  anterior  myocar¬ 
dial  infarction  complicated  by  systolic  heart 
failure.  His  left  ventricular  ejection  fraction 
(LVEF)  was  most  recently  noted  to  be  25  %.  He 
had  an  implantable  cardioverter-defibrillator 
(ICD)  for  primary  prevention.  He  had  not  been 
seen  by  his  cardiologist  in  several  years. 

Upon  arrival  to  the  emergency  department,  the 
patient  was  found  to  have  a  white  blood  cell 
count  of  15  K,  serum  sodium  of  123  mEq/L,  cre- 


Electronic  supplementary  material  The  online  version 
of  this  chapter  (doi:10.1007/978-3-319-43341-7_ll)  con¬ 
tains  supplementary  material,  which  is  available  to  autho¬ 
rized  users. 

G.T.  Means  (M) 

Cardiology,  Department  of  Medicine,  University  of 
North  Carolina,  Chapel  Hill,  NC,  USA 
e-mail:  gmeans@unch.unc.edu 

J.N.  Katz 

Medicine,  Mechanical  Heart  Program,  Cardiac 
Intensive  Care  Unit,  Cardiothoracic  Intensive  Care 
Unit  &  Critical  Care  Service,  Cardiovascular  Clinical 
Trials,  University  of  North  Carolina, 

Chapel  Hill,  NC,  USA 


atinine  of  1.6  mg/dL,  and  NT-pro-B-type  natri¬ 
uretic  peptide  level  of  4800  ng/mL.  An 
electrocardiogram  showed  sinus  tachycardia  with 
a  chronic  left  bundle  branch  block.  Initial  cardiac 
enzymes  were  negative.  He  was  short  of  breath 
and  mildly  hypoxic,  with  a  room  air  oxygen  satu¬ 
ration  of  90%.  A  chest  x-ray  showed  a  right¬ 
sided  pleural  effusion  and  some  subtle  interstitial 
infiltrates  bilaterally.  The  patient  was  admitted  to 
the  inpatient  hospitalist  service,  where  he  was 
treated  with  intravenous  (IV)  ceftriaxone  for 
community-acquired  pneumonia,  bronchodila- 
tors  and  oral  prednisone  for  a  COPD  flare,  and 
given  some  IV  fluids  to  treat  acute  renal  failure 
presumed  to  have  been  pre-renal  in  etiology. 

Over  the  course  of  several  days,  the  patient 
became  increasingly  more  short  of  breath.  He 
was  also  noted  to  be  more  lethargic  and  less 
responsive.  Laboratory  analysis  revealed  an 
increasing  serum  creatinine  and  persistent  hypo¬ 
natremia.  Serial  electrocardiograms  (ECGs) 
revealed  no  dynamic  changes  suggestive  of  isch¬ 
emia,  and  cardiac  biomarkers  demonstrated  a 
low-level  elevation  in  cardiac-specific  troponin. 
He  was  transferred  to  the  intensive  care  unit 
(ICU)  for  management  of  hypotension  and  respi¬ 
ratory  distress.  There  he  was  tachypneic  and  a 
blood  gas  analysis  revealed  new  metabolic  acido¬ 
sis  with  associated  respiratory  compensation.  His 
extremities  were  cool.  A  Foley  catheter  was 
placed  with  no  return  of  urine. 

The  patient  was  placed  on  supplemental  oxy¬ 
gen,  given  intermittent  IV  furosemide,  and  started 
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on  a  dopamine  infusion  for  hypotension.  Despite 
increasing  dosages  of  dopamine  and  furosemide, 
the  patient  remained  hypotensive  and  anuric. 
Given  an  increasing  work  of  breathing,  he  was 
intubated  and  mechanically  ventilated. 

Question  What  complications  should  be  con¬ 
sidered  when  instituting  invasive  mechanical 
ventilation  for  this  patient? 

Answer  Worsening  acidosis  and  progressive 
cardiovascular  collapse. 

The  decision  to  pursue  intubation  and  mechan¬ 
ical  ventilation  for  a  patient  with  cardiogenic 
shock  should  not  be  taken  lightly.  While  hemo¬ 
dynamic  instability  and  refractory  respiratory 
failure  may  make  invasive  ventilation  unavoid¬ 
able,  complications  should  be  anticipated.  The 
patient  was  given  benzodiazepines  and  neuro¬ 
muscular  blockade  to  facilitate  intubation. 
Shortly  after  this,  he  became  considerably  more 
hypotensive.  He  was  placed  on  the  ventilator 
with  an  assist-control  mode  and  100%  FI02.  His 
dopamine  dosing  was  rapidly  escalated  and  he 
was  given  an  ampule  of  sodium  bicarbonate.  His 
respiratory  rate  was  initially  set  at  15  breaths  per 
minute,  but  when  an  ABG  showed  a  pH  of  7.2 
and  worsening  metabolic  acidosis,  his  ventilator 
rate  was  quickly  increased  to  provide  more 
appropriate  respiratory  compensation. 

Given  his  unrelenting  cardiogenic  shock,  an 
intra-aortic  balloon  pump  (IABP)  was  placed 
emergently  at  the  bedside.  This  resulted  in  an 
immediate  improvement  in  the  patient’s  mean 
arterial  blood  pressure.  A  dobutamine  infusion 
was  then  added  to  his  pharmacologic  regimen 
for  simultaneous  afterload  reduction  and  inotro¬ 
pic  support.  An  hour  after  balloon  counterpulsa¬ 
tion  and  inotropic  therapy,  the  patient’s  metabolic 
acidosis  had  completely  resolved.  A  serum  lac¬ 
tate  -  which  was  initially  markedly  elevated  - 
had  returned  to  the  normal  range.  Serial  ABGs 
demonstrated  resolution  of  his  systemic  acidosis 
and  improvement  in  his  hypoxemia,  thus  allow¬ 
ing  his  ventilator  to  be  weaned.  Additionally,  the 
patient’s  urine  output  improved  over  several 


hours,  supported  by  high-dose  parenteral  diuretic 
therapy. 

A  swan-ganz  catheter  was  placed  in  order  to 
assess  the  patient’s  invasive  hemodynamics,  on 
his  present  level  of  circulatory  support,  and 
revealed  a  pulmonary  artery  (PA)  pressure  of 
50/30,  mean  PA  pressure  of  37  mmHg,  central 
venous  pressure  of  13  mmHg,  Fick  cardiac  out¬ 
put  of  6.2  L/min,  Fick  cardiac  index  of  2.8  L/min/ 
m2,  and  a  mixed  venous  oxygen  saturation  of 
68%.  Over  the  next  3  days,  IABP  support  was 
gradually  weaned  from  a  1:1  to  1:3  assist  ratio  to 
ensure  the  patient  would  maintain  stable  hemo¬ 
dynamics  off  mechanical  support.  Subsequently, 
the  device  was  removed  while  systemic  antico¬ 
agulation  was  held.  On  the  fifth  ICU  day,  the 
patient  was  successfully  liberated  from  mechani¬ 
cal  ventilation  and  transitioned  to  a  nasal  can¬ 
nula.  Unfortunately,  multiple  attempts  to  wean 
his  dobutamine  infusion  resulted  in  hemody¬ 
namic  perturbation  and  worsening  renal  dysfunc¬ 
tion.  He  was  ultimately  transferred  out  of  the  ICU 
for  ongoing  care,  with  plans  to  consider  more 
durable  advanced  heart  failure  therapies  includ¬ 
ing  home  inotropic  support,  implantable  left  ven¬ 
tricular  assist  device,  or  heart  transplantation. 

Principles  of  Management 
Diagnosis 

Acute  Heart  Failure  (AHF)  is  a  complex  clinical 
syndrome  which  results  from  any  structural  or 
functional  impairment  of  ventricular  filling  or 
ejection  of  blood.  AHF  may  occur  either  due  to 
heart  failure  with  reduced  ejection  fraction 
(HFrEF)  or  heart  failure  with  preserved  ejection 
fraction  (HFpEF).  While  HFrEF  is  simply  char¬ 
acterized  by  decreased  cardiac  contractility, 
HFpEF  is  commonly  a  result  of  diastolic  dys¬ 
function  represented  by  impaired  left  ventricu¬ 
lar  relaxation  and/or  increased  left  ventricular 
filling  pressures.  HFpEF  is  often  seen  in  asso¬ 
ciation  with  comorbidities  such  as  chronic 
hypertension  and  diabetes,  and  its  prevalence 
increases  with  age.  Diagnosis  of  HFpEF  is  aided 
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by  echocardiography  which  can  show  abnormal 
trans-mitral  valve  and/or  pulmonary  vein  flow 
hemodynamics  or  impaired  mitral  annular 
relaxation. 

Dietary  indiscretions,  medication  non- 
compliance,  uncontrolled  hypertension,  arrhyth¬ 
mias,  infections,  catecholamine  surge,  valvular 
dysfunction,  and  ischemia  are  just  a  few  of  the 
known  triggers  of  acute  decompensation.  Elevated 
cardiac  filling  pressures  classically  produce  symp¬ 
toms  of  dyspnea,  orthopnea,  and  paroxysmal  noc¬ 
turnal  dyspnea.  Patients  may  also  have  evidence  of 
peripheral  or  pulmonary  edema.  Potential  etiologies 
for  AHF  include,  but  are  not  limited  to,  myocardial 
ischemia/infarction,  acute  on  chronic  HFpEF  or 
HFrEF,  acute  or  fulminant  myocarditis,  myocardial 
contusion,  septic  shock  with  myocardial  depres¬ 
sion,  acute  valvular  heart  disease,  cardiac  arrhyth¬ 
mias,  drug-related  cardiotoxicity,  profound 
metabolic  derangements,  peripartum  cardiomyopa¬ 
thy,  or  stress-induced  cardiomyopathy  [1,2]. 

A  thorough  history  and  physical  examination 
are  necessary  to  determine  a  cause  of  acute  heart 
failure  in  order  to  develop  a  comprehensive  diag¬ 
nostic  and  management  plan  for  each  affected 
patient.  Complementary  studies  include  labora¬ 
tory  evaluation  to  risk- stratify  the  individual  with 
AHF  (Fig.  11.1),  ECG,  and  imaging  modalities 
(including  echocardiography  [Video  11.1]  and 
chest  radiography).  An  ischemic  evaluation  with 
myocardial  perfusion  imaging  or  cardiac  cathe¬ 
terization  can  often  be  helpful  in  determining 
whether  ischemia  is  contributing  to  cardiac 
decompensation.  Interrogating  a  patient’s  ICD,  if 
present,  can  also  help  to  elucidate  if  arrhythmias 
may  be  precipitating  or  preceding  heart  failure. 

Diuretic  Therapy 

Fluid  removal  through  intravenous  diuresis  is  an 
essential  management  strategy  for  AHF  patients 
that  present  with  congestion  (2013  American 
College  of  Cardiology  (ACC)/American  Heart 
Association  (AHA)  Heart  Failure  Management 
Guidelines  Class  I,  Fevel  of  Evidence  (FOE)  B).  If 
unable  to  achieve  effective  diuresis  with  escalating 


doses  of  loop  diuretics,  a  second  diuretic  agent 
(e.g.  metolazone,  chlorothiazide)  may  be  added 
(ACC/AHA  Class  II A,  FOE  B).  Use  of  a  continu¬ 
ous  diuretic  infusion  has  not  been  shown  to  be 
more  effective  than  bolus  therapy  but  may  be  con¬ 
sidered  for  ease  of  dosing.  Potential  diuretic- 
related  side  effects  that  can  negatively  impact 
patient  outcomes  include  electrolyte  disturbances 
(hyponatremia,  hypokalemia,  and  hypomagnese¬ 
mia),  metabolic  alkalosis,  ototoxicity,  hyperurice¬ 
mia,  and  hypotension.  It  is  important  to  serially 
monitor  clinical  signs,  daily  weights,  urine  output, 
and  electrolytes  during  treatment  to  determine  the 
adequacy  of  decongestion  and  to  avoid  the  untow¬ 
ard  consequences  of  volume  contraction  (ACC/ 
AHA  Class  I,  FOE  C).  Under- treatment  is  com¬ 
mon  among  hospitalized  patients  as  seen  in  the 
Acute  Decompensated  Heart  Failure  National 
Registry  (ADHERE),  and  failure  to  achieve  ade¬ 
quate  volume  removal  can  be  considered  an 
important  risk  factor  for  hospital  readmission  [3]. 

Intravenous  Vasodilators 

Nitrates,  such  as  nitroglycerin  (10-350  meg/ 
minute)  and  sodium  nitroprusside  (5-300  meg/ 
minute)  promote  smooth  muscle  relaxation, 
resulting  in  decongestion  and  reduced  cardiac 
filling  pressures.  Unpredictable  patient 
responses  to  therapy  and  the  risk  for  associated 
hypotension,  however,  mandate  careful  hemo¬ 
dynamic  monitoring  during  treatment  and  the 
consideration  of  ICU  admission  for  all  individu¬ 
als  receiving  parenteral  nitrates.  Nitroprusside 
has  been  shown  to  improve  cardiac  output, 
maintain  adequate  mean  arterial  pressures,  and 
improve  clinical  outcomes  in  patients  with 
acutely  decompensated  heart  failure  [4]. 
Nitroglycerin  has  a  relatively  short  half-life  and 
rapid  onset  of  action.  In  AHF  with  significant 
pulmonary  congestion,  nitroglycerin  can 
improve  arterial  oxygenation  and  hemodynam¬ 
ics  through  venous  vasodilation.  Duration  of 
vasodilator  therapy  may  be  limited  by  hypoten¬ 
sion,  drug  tachyphylaxis  (nitroglycerin),  and 
thiocyanate  toxicity  (nitroprusside). 
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Fig.  11.1  Acute  decom¬ 
pensated  heart  failure 
patient  classification 
(Adapted  from  Nohria  and 
Lewis  [20],  with 
permission) 
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Emergent  Mechanical  Circulatory 
Support 

In  situations  of  hemodynamic  instability  and 
reduced  cardiac  output  that  is  refractory  to  phar¬ 
macologic  intervention,  mechanical  circulatory 
support  may  be  needed  to  reduce  afterload  and 
augment  diastolic  perfusion  pressure  (see  Chap. 
10,  Management  of  Cardiogenic  Shock). 

Evidence  Contour 

Pulmonary  Artery  (PA)  Catheters 

PA  catheterization  allows  direct  measurement  of 
cardiac  filling  pressures,  pulmonary  arterial 
pressures,  cardiac  output,  and  calculation  of  both 
systemic  and  pulmonary  vascular  resistance. 
Widespread  adoption  of  this  technology  in  all 
critically  ill  patients  was  tempered  by  findings 
which  suggested  an  increased  cost,  mortality, 
and  length  of  stay  [5].  Specific  to  the  heart  fail¬ 
ure  population,  the  Evaluation  Study  of 
Congestive  Heart  Failure  and  Pulmonary  Artery 
Catheterization  Effectiveness  (ESCAPE)  trial 
was  conducted  to  assess  the  role  of  PA  catheter- 
guided  therapy  in  hospitalized  individuals  with 
AHF.  Similar  to  other  studies,  there  was  no  sug¬ 


gestion  that  PA  catheters  improved  mortality;  it 
did,  however,  result  in  increased  adverse  events 
such  as  infection,  pulmonary  infarction,  and 
bleeding  [6].  It  has  widely  been  assumed  that  the 
morbidity  of  PA  catheterization  is  primarily 
related  to  operator  experience  [7].  Despite  their 
unproven  mortality  benefit,  PA  catheters  remain 
a  viable  diagnostic  tool  particularly  in  challeng¬ 
ing  cases  of  AHF.  The  2013  ACC/AHA  guide¬ 
lines  for  heart  failure  management  recommend 
PA  catheter  use  in  cases  of  refractory  hypoten¬ 
sion,  difficult  volume  status  determination,  renal 
function  deterioration  despite  therapy,  and  to 
guide  inotrope  therapy  titration  (Class  II A  (LOE 

C))  [2]. 

Inotropic  Agents 

Management  of  AHF  is  often  limited  by  low 
blood  pressure  and  systemic  hypoperfusion. 
Inotropic  agents  (e.g.  dopamine,  dobutamine, 
and  milrinone)  can  augment  contractility  and 
chronotropy,  resulting  in  increased  stroke  volume 
and  cardiac  output  (Table  11.1).  These  goals  are 
often  accomplished  with  a  tradeoff  of  increasing 
myocardial  oxygen  demand,  increased  heart  rate, 
and  increased  risk  for  tachyarrhythmias. 
Improved  hemodynamic  response,  however,  has 
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Table  1 1 .1  Intravenous  inotropic  agents  used  in  management  of  HF 


Adrenergic  agonists 

Typical  infusion  dose 
(mcg/kg/min) 

CO 

HR 

SVR 

PVR 

Possible  adverse  effects 

Dopamine 

5-10 

t 

t 

Headache,  nausea, 
arrhythmia 

10-15 

t 

t 

t 

Dobutamine 

2.5-5 

t 

t 

1 

Hyper-  or  hypotension, 
headache,  arrhythmia, 
hypersensitivity 

5-20 

t 

t 

PDE  inhibitor 

Milrinone 

0.125-0.75 

t 

t 

i 

i 

Hypotension,  arrhythmia 

Adapted  from  Yancy  et  al.  [21].  With  permission  from  Wolters  Kluwer  Health,  Inc. 

Abbreviations :  CO  cardiac  output,  HR  heart  rate,  PDE  phosphodiesterase,  PVR  pulmonary  vascular  resistance,  SVR 
systemic  vascular  resistance 


not  always  translated  into  improved  patient  sur¬ 
vival.  The  Outcomes  of  a  Prospective  Trial  of 
Intravenous  Milrinone  for  Exacerbations  of 
Chronic  Heart  Failure  (OPTIME-CHF)  investi¬ 
gators  and  data  from  the  ADHERE  registry 
showed  that  these  agents  may  actually  increase 
mortality  when  compared  to  standard  diuretic  or 
vasodilator  therapies  in  AHF  patients  [8-10]. 
Therefore,  inotropes  are  best  used  for  short  peri¬ 
ods  in  the  ICU  in  situations  suggestive  of  emerg¬ 
ing  cardiogenic  shock  and  end-organ  failure. 
Inotropes  can  also  be  employed  as  a  bridge  to 
other  definitive  management  strategies  or  used 
for  palliative  care  purposes. 

Diuretic  Dosing  -  Intermittent 
Versus  Continuous 

Patients  presenting  with  AHF  and  congestion 
should  receive  intravenous  loop  diuretics  as  pro¬ 
gressive  bowel  wall  edema  may  limit  oral  diuretic 
absorption  and  efficacy.  Less  well  understood  is 
the  differences  between  adopting  a  continuous 
infusion  or  interval  dosing  diuretic  strategy.  The 
Diuretic  Optimization  Strategies  Evaluation 
(DOSE)  trial  compared  intermittent  IV  diuresis 
to  a  continuous  infusion  strategy,  and  found  them 
to  have  a  similar  effect  on  subjective  symptoms 
and  renal  function  [11].  A  more  recent  meta¬ 
analysis  evaluating  ten  randomized  control  trials 
similarly  found  no  difference  in  resulting  renal 
function,  electrolyte  disturbances,  length  of  hos¬ 
pitalization,  or  cardiac  or  all-cause  mortality 
between  these  two  approaches  [12]. 


Ultrafiltration 

The  use  of  ultrafiltration  (UF)  to  enhance  cardiac 
decongestion  has  been  examined  extensively  as 
an  adjunct  to  diuresis.  UF  can  remove  excess 
fluid  and  small  solutes  via  a  dialysis  circuit. 
Initial  small  randomized  controlled  trials  have 
supported  the  utility  and  safety  of  UF  when  com¬ 
pared  to  traditional  loop  diuretics  [13].  A  follow¬ 
up  trial,  the  Ultrafiltration  Versus  Intravenous 
Diuretics  for  Patients  Hospitalized  for  Acute 
Decompensated  Heart  Failure  (UNLOAD)  study, 
found  that  UF  achieved  greater  net  weight  loss 
and  reduced  re-hospitalization  rates  at  90  days 
[14].  However,  subsequent  studies  have  not  con¬ 
sistently  corroborated  these  findings  [15],  and 
have  suggested  a  potentially  greater  adverse- 
event  rate  and  cost-of-care  among  UF-treated 
individuals.  The  financial  implications  and 
potential  morbidity  of  UF  must  therefore  be 
weighed  carefully  in  any  decision  to  initiate  ther¬ 
apy.  The  most  recent  AHA/ACC  guidelines 
maintain  a  Class  II A  (LOE  B)  recommendation 
for  UF  in  patients  refractory  to  standard  diuresis. 

Nesiritide 

Nesiritide,  a  form  of  synthetic  B-type  natriuretic 
peptide  (BNP),  is  a  potent  vasodilating  agent  that 
may  reduce  cardiac  filling  pressures  and  improve 
ventricular  unloading.  Reported  side-effects  of  this 
drug  have  included  hypotension  and  acute  renal 
failure.  In  a  large,  multicenter,  randomized  trial,  the 
Acute  Study  of  the  Clinical  Effectiveness  of 
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Nesiritide  in  Decompensated  Heart  Failure 
(ASCEND-HF)  study  found  that  use  of  this  drug 
did  not  improve  patient  survival,  reduce  readmis¬ 
sion  rates,  or  augment  end-organ  function  when 
compared  to  placebo  [16].  Therefore,  while  still 
available,  its  routine  use  has  been  discouraged,  and 
it  is  often  only  considered  for  patients  with  substan¬ 
tially  elevated  systemic  vascular  resistance  in  whom 
intensive  vasodilation  may  be  advantageous. 

Renal-Dose  Dopamine 

At  lower  doses  (1-2.5  mg/kg/min),  dopamine  pre¬ 
dominantly  activates  renal  dopamine  receptors, 
with  little  systemic  adrenergic  stimulation.  Diuresis 
in  AHF  is  often  limited  by  deteriorating  renal  func¬ 
tion,  hypokalemia,  and  hyponatremia.  Therefore,  a 
low-dose  dopamine  strategy  has  been  considered  a 
possible  treatment  for  diuretic-refractory  patients. 
In  2010,  results  of  the  Dopamine  in  Acute 
Decompensated  Heart  Failure  (DAD-HF)  trial 
showed  that  low-dose  furosemide  plus  low-dose 
dopamine  resulted  in  less  hypokalemia  and  less 
renal  insufficiency,  but  with  similar  60-day  mortal¬ 
ity,  rates  of  readmission,  and  hospital  lengths-of- 
stay  [  17] .  A  follow-up  investigation  -  the  Dopamine 
in  Acute  Decompensated  Heart  Failure  II  (DAD-HF 
II)  trial  -  was  stopped  prematurely  after  finding 
that  the  dopamine  arm  had  a  greater  incidence  of 
tachycardia  with  no  demonstrable  effect  on  the  pri¬ 
mary  endpoint  of  all-cause  mortality  or  re¬ 
hospitalization  [18].  More  recently,  the  Renal 
Optimization  Strategies  Evaluation  (ROSE-AHF) 
trial  similarly  evaluated  the  use  of  low-dose  dopa¬ 
mine  (2  mcg/kg/min)  in  patients  hospitalized  with 
AHF  [19].  In  this  case,  low-dose  dopamine  failed 
to  improve  urine  output  or  renal  function.  Despite 
limited  supporting  evidence  in  AHF,  however,  low- 
dose  dopamine  continues  to  be  used  clinically  and 
carries  a  Class  IIB  (LOE  B)  designation. 
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Case  Presentation 

A  65  year-old  man  with  history  of  hypertension, 
hypercholesterolemia  and  diabetes  mellitus  pre¬ 
sented  with  two  hours  of  severe  substernal  chest 
pain  radiating  to  left  arm  in  addition  to  diapho¬ 
resis  and  nausea.  At  the  time  of  presentation  to 
the  emergency  department,  his  electrocardio¬ 
gram  showed  inferior  and  posterior  ST-segment 
elevations  (Fig.  12.1)  and  serum  troponin  T  was 
0.30  ng/mL  (reference  range  <0.01  ng/mL).  He 
was  treated  with  aspirin,  intravenous  nitroglyc¬ 
erin,  ticareglor,  metoprolol,  atorvastatin,  and 
heparin. 

Question  What  approach  should  guide  this 
patient’s  further  management? 

Answer  All  patients  with  acute  coronary  syn¬ 
drome  with  ST-segment  elevation  myocardial 
infarction  (STEMI)  should  undergo  emergent 
reperfusion  therapy  with  primary  percutaneous 
coronary  intervention  (PCI)  or  fibrinolysis. 

This  patient  underwent  emergent  invasive  cor¬ 
onary  angiography,  which  revealed  a  discrete 
90  %  lesion  in  the  proximal  right  coronary  artery. 
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He  was  treated  by  primary  PCI  with  drug-eluting 
stent  placement.  The  patient  had  an  uneventful 
hospital  course  and  was  discharged  on  aspirin, 
ticagrelor,  metoprolol,  atorvastatin  and  lisinopril. 


Principles  of  Management 
Diagnosis 

Acute  coronary  syndrome  (ACS)  refers  to  spec¬ 
trum  of  conditions  associated  with  acute  myocar¬ 
dial  ischemia  and/or  infarction  that  are  most 
frequently  due  to  sudden  decrease  in  coronary 
blood  flow  from  an  atherothrombotic  obstruction. 
The  first  step  in  the  management  of  patients  with 
ACS  is  prompt  recognition,  as  beneficial  effects 
of  therapy  are  greater  when  started  soon  after  pre¬ 
sentation,  and  steadily  decline  in  the  hours  that 
follow  the  first  signs  of  myocardial  injury.  The 
most  common  symptom  that  prompts  the  diag¬ 
nostic  evaluation  of  ACS  is  chest  discomfort. 
Classification  of  patients  presenting  with  ACS  is 
based  on  electrocardiogram.  Patients  with  persis¬ 
tent  ST-segment  elevation  are  deemed  as  having 
ST-segment  elevation  ACS  (STE-ACS)  due  to  the 
presumed  acute  complete  coronary  occlusion  and 
are  candidates  for  immediate  reperfusion  therapy 
with  either  primary  angioplasty  or  fibrinolysis. 
Absence  of  ST-segment  elevation  in  a  patient  with 
ACS  suggests  non-ST  segment  elevation  ACS 
(NSTE-ACS)  (Fig.  12.2),  which  is  further  classi¬ 
fied  on  the  basis  of  biomarkers  of  myocardial 
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Fig.  12.1  EKG  demonstrating  inferior  and  posterior  ST-segment  elevations  in  a  patient  with  STEMI 


necrosis.  In  an  appropriate  clinical  setting,  if  the 
biomarkers  are  elevated  the  patient  is  classified  as 
having  a  non- ST  segment  elevation  MI  (NSTEMI), 
otherwise,  without  elevated  biomarkers;  the 
patient  should  be  diagnosed  with  unstable  angina 
(UA)  (Fig.  12.3).  The  primary  diagnostic  bio¬ 
markers  of  ACS  are  Troponin  T  and  Troponin  I. 
With  contemporary  troponin  assays,  CK-MB  and 
myoglobin  are  less  useful  for  diagnosis  of 
ACS.  However,  patients  with  end- stage-renal  dis¬ 
ease  and  no  clinical  evidence  of  ACS  could  have 
chronically  elevated  troponins.  With  conventional 
assays,  this  is  more  common  with  cardiac  tropo¬ 
nin  T  than  cardiac  troponin  I.  In  the  diagnosis  of 
ACS,  cardiac  troponin  values  must  manifest  an 
acute  pattern  consistent  with  the  ischemic  symp¬ 
toms  and  electrocardiographic  changes. 

ECG  abnormalities  and  elevated  biomarkers 
in  isolation  are  insufficient  to  make  the  diagnosis 
of  ACS,  and  must  be  interpreted  in  an  appropriate 
clinical  context.  MI  must  be  discriminated  from 
other  acute  and  chronic  causes  of  myocardial 
injury,  such  as  pulmonary  embolism,  severe  sep¬ 
sis,  and  end-stage  renal  disease,  which  occur 
commonly  in  the  intensive  care  setting.  Moreover, 
MI  may  be  further  classified  into  those  caused  by 
acute  atherothrombotic  coronary  events  (Type  1 
MI)  and  those  caused  by  supply-demand  mis¬ 
match,  as  is  seen  in  instances  of  myocardial 
injury  with  necrosis  where  a  condition  other  than 


CAD  contributes  to  an  imbalance  between  oxy¬ 
gen  demand  and  supply,  e.g.,  coronary  endothe¬ 
lial  dysfunction,  coronary  artery  spasm,  coronary 
embolism,  tachy-/brady  arrhythmias,  anemia, 
respiratory  failure,  hypotension,  and  hyperten¬ 
sion  with  or  without  left  ventricular  hypertrophy 
(Type  2  MI).  We  typically  reserve  the  term  acute 
coronary  syndrome  for  patients  with  acute  ath- 
ero thrombosis  (Type  1  MI). 

Once  the  diagnosis  of  STEMI,  NSTEMI  or 
unstable  angina  is  made,  the  acute  management 
of  the  patient  involves  achievement  of  several 
goals  followed  by  initiation  of  therapy  that  may 
improve  the  long-term  prognosis. 

Initial  Assessment  and  Early  Risk 
Stratification 

Clinical  assessment  of  a  patient  with  ACS  should 
begin  as  soon  as  the  patient  arrives  in  the  emer¬ 
gency  department  and  continues  in  hospital 
wards  or  the  intensive  care  units.  Initial  assess¬ 
ment  includes  evaluation  for  hemodynamic  sta¬ 
bility  and  early  risk  stratification.  A  12-lead  ECG 
should  be  obtained  in  all  patients  with  suspected 
ACS  within  10  min  after  first  medical  contact  and 
immediately  read  by  an  experienced  physician. 

Early  risk  stratification  in  patients  with  ACS  is 
critical  to  identify  those  at  higher  risk  of  adverse 
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cardiac  events  and  may  benefit  from  a  more 
aggressive  therapeutic  approach  [1-4].  Analyses 
from  several  large  clinical  trials  have  established 
a  number  of  predictors  of  adverse  outcomes 
among  patients  with  STEMI,  NSTEMI  and 
unstable  angina.  However,  with  need  for  emer¬ 
gent  reperfusion  therapy  through  primary  angio¬ 
plasty  or  fibrinolysis  in  patients  with  STEMI, 
their  clinical  utility  in  early  therapeutic  decision¬ 
making  is  less  relevant  to  STEMI  patients.  Some 
of  the  early  predictors  of  poor  outcome  from 
STEMI  include  age,  tachycardia,  low  blood  pres¬ 
sure,  Killip  class  (Table  12.1),  time  to  reperfu¬ 
sion,  diabetes  mellitus,  anterior  infarct  location, 
smoking  status,  renal  function  and  elevated  bio¬ 
marker.  Examples  of  validated  risk  score  include 
the  TIMI  risk  score  for  STEMI  [5]  and  NSTEMI/ 
UA  [6]  and  the  GRACE  Risk  Score  [7]. 

Initial  Medical  Therapy 

Patients  with  STEMI,  NSTEMI  and  unstable 
angina  are  treated  with  similar  medical  regimens, 
with  the  exception  of  fibrinolysis,  which  should 
be  limited  to  STEMI  patients.  The  timing  of  ini¬ 
tiation  of  medication  may  vary  between  STEMI 
and  NSTEMI/UA. 

Anti-ischemic  Therapy 

Oxygen  Supplemental  oxygen  should  be  admin¬ 
istered  to  patients  with  ACS  with  arterial  oxygen 
saturation  less  than  90%,  respiratory  distress, 
cyanosis  or  other  higher  risk  features  of  hypox¬ 
emia.  The  value  of  supplemental  oxygen  therapy 
in  ACS  patients  without  hypoxia  is  unclear,  as 
several  studies  have  suggested  that  supplemental 


Table  12.1 

infarction 

Killip  classification  of  acute  myocardial 

Class  I 

No  evidence  of  heart  failure 

Class  II 

Findings  consistent  with  mild  to  moderate 
heart  failure  (S3  gallop,  lung  rales  less 
than  one-half  way  up  the  posterior  lung 
fields  or  jugular  venous  distension) 

Class  III 

Overt  pulmonary  edema 

Class  IV 

Cardiogenic  shock 

oxygen  in  normoxic  patients  with  ACS  may 
increase  myocardial  injury  and  mortality  [8,  9]. 

Nitrates  Patients  with  continuing  chest  pain 
should  be  initially  treated  with  sublingual  nitro¬ 
glycerin  (0. 3-0.4  mg)  every  5  min  for  up  to  three 
doses.  If  ischemic  pain  persists,  intravenous 
nitroglycerin  should  be  considered  if  not  contra¬ 
indicated.  Nitrates  should  not  be  administered  to 
patients  with  severe  aortic  stenosis,  or  patients 
who  received  a  phosphodiesterase-5  inhibitor, 
and  should  be  cautiously  used  in  patients  with 
suspected  right  ventricular  infarction  due  to  their 
dependence  on  pre-load  [10]. 

Morphine  In  patients  with  ACS,  it  is  reasonable 
to  administer  intravenous  morphine  for  analgesia 
if  the  patient  has  continued  chest  pain  despite 
maximally  tolerated  anti-ischemic  medications. 
NSAIDS  (except  aspirin)  in  patients  with  ACS 
are  associated  with  increased  risk  of  major 
adverse  cardiac  events;  therefore,  its  use  in  ACS 
patients  is  not  recommended  [11]. 

Beta-Adrenergic  Blockers  In  patients  with 
ACS  beta-blockers  decrease  myocardial  isch¬ 
emia  and  frequency  of  ventricular  arrhythmias 
and  increase  long  term  survival  [12].  Oral  beta- 
blocker  therapy  should  be  initiated  within  the 
first  24  h  in  patients  who  do  not  have  signs  of  HF, 
evidence  of  low-output  state,  increased  risk  for 
cardiogenic  shock  (>70  years  of  age,  systolic 
blood  pressure  <120  mmHg,  heart  rate  >110  bpm 
or  heart  rate  <60  bpm)  or  other  contraindications 
to  beta-blockade  (e.g.,  PR  interval  >0.24  s,  sec¬ 
ond-  or  third-degree  heart  block  without  a  cardiac 
pacemaker,  active  asthma,  or  documented  reac¬ 
tive  airway  disease).  Beta-blockers  should  be 
titrated  to  decrease  the  heart  rate  to  less  than  70/ 
min  while  maintaining  a  systolic  blood  pressure 
above  120  mmHg.  A  non-dihydropyridine  cal¬ 
cium  channel  blocker  (CCB)  (e.g.,  verapamil  or 
diltiazem)  should  be  considered  in  patients  in 
whom  beta-blockers  are  contraindicated. 

Statin  therapy  High-intensity  statin  (atorvas- 
tatin  80  mg  or  rosuvastatin  40  mg)  should  be 
started  or  continued  in  all  patients  with  ACS 
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Recommendations  Dosing  and  Special  Considerations  COR  LOE 

Aspirin 

•  Non-enteric-coated  aspirin  to  all  patients  promptly  after  162  mg-32S  mg  I  A 

presentation 

•  Aspirin  maintenance  dose  continued  indefinitely 
P2Yn  inhibitors 

•  Clopidogrel  loading  dose  followed  by  daily  maintenance 
dose  in  patients  unable  to  take  aspirin 

•  P2Y)2  inhibitor,  in  addition  to  aspirin,  for  up  to  12  mo  for 
patients  treated  initially  with  either  an  early  invasive  or 
initial  ischemia-guided  strategy; 

-  Clopidogrel 

-  Ticagrelor* 

•  P2Y,2  inhibitor  therapy  (clopidogrel,  prasugrel,  or  ticagrelor)  N/A  I  B 

continued  for  at  least  12  mo  in  post-PCI  patients  treated  with 
coronary  stents 

•  Ticagrelor  in  preference  to  clopidogrel  for  patients  treated  N/A  lla  B 

with  an  early  invasive  or  ischemia-guided  strategy 

GP  lib/ II la  inhibitors 

•  GP  llb/llla  inhibitor  in  patients  treated  with  an  early  invasive  Preferred  options  are  eptifibatide  or 

strategy  and  DAPT  with  intermediate/high-risk  features  tirofiban 

(e.g.,  positive  troponin) 

Parenteral  anticoagulant  and  fibrinolytic  therapy 


A 


•  Bivalirudir  until  diagnostic  angiography  or  PCI  is  performed  •  Loading  dose  0.10  mg/kg  loading  dose  I  B 

in  patients  with  early  invasive  strategy  only  followed  by  0.25  mg/kg/h 

•  Orly  provisional  use  of  GP  llb/llla  inhibitor 
in  patients  also  treated  with  DAPT 

•  SC  fondapannux  for  the  duration  of  hospitalization  or  until  2.5  mg  SC  daily  I  B 

PCI  is  performed 

•  Administer  additional  anticoagulant  with  anti- lla  activity  if  N/A 

PCI  is  performed  while  patient  is  on  fondaparinux 

•  IV  UFH  for  48  h  or  until  PCI  is  performed  •  Initial  loading  dose  60  lU/kg  (max 

4,000  III)  with  initial  infusion  12  lU/kg/h 
(max  1,000  IU/  h) 

•  Adjusted  to  therapeutic  aPTT  range 

•  IV  fibrinolytic  treatment  not  recommended  in  patients  with  N/A 

NSTE-ACS 


Fig.  12.4  AHA/ ACC  recommendations  for  initial  anti-thrombotic  therapy  in  NSTE-ACS  (From  Amsterdam  et  al.  [2]. 
Reprinted  with  permission  from  Elsevier  Limited) 


B 


B 


•  SC  enoxaparin  for  duration  of  hospitalization  or  until  PCI 
is  performed 


1  mg/kg  SC  every  12  h  (reduce  dose  to 
1  mg/kg/d  SC  in  patients  with  CrCl 
<30  mL/min) 

Initial  30  mg  IV  loading  dose 
in  selected  patients 


lib  B 


81  mg/d- 325  mg/d* 


75  mg 


B 


B 


300-mg  or  600-mg  loading  dose, 
then  75  mg/d 

180-mg  loading  dose,  then  90  mg  BID 


without  contraindication.  Statins  in  ACS  reduces 
cardiac  deaths,  recurrent  MI,  need  for  repeat 
revascularization,  and  stroke  [13]. 

Anti-thrombotic  Therapy 

All  patients  with  ACS,  in  the  absence  of  contra¬ 
indications,  should  receive  aspirin,  a  second 
antiplatelet  agent,  and  an  anticoagulant.  The 
AHA/ ACC  guidelines  for  anti-thrombotic  med¬ 
ical  management  of  NSTE-ACS  is  provided  in 
Fig.  12.4. 


Antiplatelet  Therapy 

In  the  absence  of  an  absolute  contraindication, 
antiplatelet  therapy  with  aspirin  and  a  P2Y12 
inhibitor  is  indicated  in  all  patients  with  ACS. 

Aspirin  Uncoated  aspirin  (325  mg)  should  be 
administered  to  all  patients  with  ACS  without 
contraindications  as  early  as  possible  on  pre¬ 
sentation,  and  a  maintenance  dose  of  aspirin 
(81-162  mg  daily)  should  be  continued 
indefinitely. 
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P2Y12  receptor  inhibitors  P2Y12  receptor 
inhibitors  are  administered  to  patients  with  ACS 
according  to  the  type  of  presentation  and  how 
they  are  treated: 

•  STEMI  patients 

-  Primary  PCI  -  In  patients  with 
STEMI  treated  with  primary  PCI,  a 
loading  dose  of  a  P2Y12  receptor 
inhibitor  should  be  given  as  early  as 
possible  (clopidogrel  [600  mg  fol¬ 
lowed  by  75  mg/day],  ticagrelor 
[180  mg  followed  by  90  mg  BID],  or 
prasugrel  [60  mg  followed  by  10  mg/ 
day]).  Ticagrelor  as  compared  with 
clopidogrel  significantly  reduces  rate 
of  death  from  vascular  causes,  MI,  or 
stroke  [14]. 

-  Fibrinolysis  -  In  patients  with  STEMI 
treated  with  fibrinolysis,  clopidogrel 
[300  mg  loading  dose  for 
age  <=75  year  old  or  75  mg  for 
>75  year  old,  followed  by  75  mg/ 
day]  should  be  administered  at  the 
time  of  presentation. 

•  NSTEMI/UA  patients 

-  PCI  -  In  patients  with  NSTEMI/UA 
undergoing  PCI  with  stenting  should 
receive  a  loading  dose  of  a  P2Y12 
inhibitor  at  the  time  of  the  procedure 
(clopidogrel  [600  mg  followed  by 
75  mg/day],  ticagrelor  [180  mg  fol¬ 
lowed  by  90  mg  BID],  or  prasugrel 
[60  mg  followed  by  10  mg/day]). 
Ticagrelor  and  Prasugrel,  as  com¬ 
pared  with  clopidogrel,  significantly 
reduce  rate  of  death  from  vascular 
causes,  MI,  or  stroke  [14,  15]. 

-  Other  NSTEMI/UA  patients  -  In 
patients  with  NSTEMI/UA  treated 
with  either  an  early  invasive  approach 
or  an  ischemia  driven  approach 
should  receive  either  clopidogrel 
(600  mg  followed  by  75  mg/day)  or 
ticagrelor  (180  mg  followed  by  90  mg 
BID),  or  prasugrel  (60  mg  followed 


by  10  mg/day).  Ticagrelor  as  com¬ 
pared  with  clopidogrel  significantly 
reduces  rate  of  death  from  vascular 
causes,  MI,  or  stroke  [14]. 

•  In  addition  to  aspirin,  a  P2Y12  inhibitor 
should  be  administered  for  at  least  12 
months  to  all  patients  with  ACS  [16]. 


Glycoprotein  Ilb/IIIa  Inhibitors  In  patients 
with  very  high  risk  features  including,  mark¬ 
edly  elevated  troponin,  recurrent  ischemic  dis¬ 
comfort,  dynamic  ECG  changes,  or 
hemodynamic  instability  not  treated  with  a 
P2Y12  inhibitor,  a  Ilb/IIIa  inhibitor  (abcix- 
imab,  eptifibatide  or  tirofiban)  may  be  consid¬ 
ered  at  the  time  of  PCI. 

Anticoagulation  In  patients  with  ACS,  antico¬ 
agulation  is  recommended  for  all  patients,  in  addi¬ 
tion  to  antiplatelet  therapy  irrespective  of  initial 
treatment  strategy.  Anticoagulation  is  continued 
for  48  h  or  until  PCI  is  performed.  Anticoagulation 
options  include: 


•  Unfractionated  heparin  (UFH)  (initial 
loading  dose  of  60  IU/kg  (maximum 
4,000  IU)  with  initial  infusion  of  12  IU/kg 
per  hour  (maximum  1,000  IU/h)  adjusted 
per  activated  partial  thromboplastin  time), 

•  Low-molecular  weight  heparin  (LMWH) 
(1  mg/kg  subcutaneous  (SC)  every  12  h 
(reduce  dose  to  1  mg/kg  SC  once  daily  in 
patients  with  creatinine  clearance  [CrCl] 
<30  mL/min)).  LMWH  has  been  shown 
to  be  superior  to  UFH  in  STEMI  patients 
treated  with  fibrinolysis. 

•  Bivalirudin  (0.10  mg/kg  loading  dose 
followed  by  0.25  mg/kg  per  hour  [only 
in  patients  managed  with  an  early  inva¬ 
sive  strategy]),  or 

•  Fondaparinux  (2.5  mg  SC  daily  [only  in 
NSTEMI/UA;  additional  heparin  needed 
if  patients  received  PCI]). 


12  Management  of  Acute  Coronary  Syndrome 


117 


Early  Reperfusion 
and  Revascularization 

STEMI 

In  patients  with  STEMI,  rapid  restoration  of 
myocardial  blood  flow  reduces  mortality  [17]. 
Current  guidelines  recommend  primary  PCI 
within  90  min  or  less  for  STEMI  patients  with 
symptom  onset  within  12  h,  who  arrive  at  PCI- 
capable  hospital  or  120  min  or  less  for  those  who 
initially  present  to  a  non-PCI  capable  hospital 
and  are  then  transferred  to  a  PCI-capable  hospital 
[1,  4].  Figure  12.5  provides  a  flow  diagram  for 
revascularization  decisions  in  STEMI  patient. 
Fibrinolytic  therapy,  unless  contraindicated 
should  be  initiated  in  patients  with  STEMI  who 
cannot  receive  primary  PCI  within  120  min  of 
first  medical  contact  (Table  12.2).  Decisions 
whether  to  transfer  a  patient  for  PCI  vs.  immedi¬ 
ate  administration  of  a  fibrinolytic  should  take 
into  account  (1)  the  risk  of  complications  of  the 


STEMI;  (2)  the  risks  associated  with  fibrinolytic; 
(3)  the  timing  of  presentation  relative  to  symp¬ 
tom  onset;  and  (4)  the  anticipated  transfer  time 
for  primary  PCI.  In  general,  fibrinolysis  may  be 
preferred  in  early  presenting  patients,  particu¬ 
larly  when  accompanied  by  a  large  myocardial 
territory  at  risk,  and  the  time  to  PCI  is  anticipated 
to  be  longer  than  90-120  min.  Primary  PCI 
should  be  favored  in  late  presenters,  those  with 
shock,  and  when  the  diagnosis  of  STEMI  is  in 
doubt,  or  contraindications  to  fibrinolysis  exist. 

NSTE-ACS 

In  patients  with  NSTE-ACS  who  have  refractory 
angina,  hemodynamic  or  electrical  instability  an 
immediate  invasive  coronary  angiography  should 
be  performed  with  intent  to  perform  revasculariza¬ 
tion  if  appropriate  based  on  coronary  anatomy. 
Furthermore,  NSTE-  ACS  patients  who  have  an 
elevated  risk  of  adverse  cardiac  events  should  be 
treated  with  an  early  invasive  strategy  (coronary 


Fig.  12.5  AHA/ACC  recommendations  for  reperfusion  therapy  choice  in  STEMI  (From  O’Gara  et  al.  [1].  Reprinted 
with  permission  from  Elsevier  Limited) 
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Table  1 2.2  Fibrinolytic  regimens  for  STEMI 


Fibrinolytic  agent 

Dose 

Fibrin  specificity3 

Antigenic 

Patency  rate 
(90-min  TIMI  2  or 
3  flow) 

Fibrin- specific 

Tenecteplase  (TNK-tPA) 

Single  IV  weight- 
based  bolusb 

++++ 

No 

85% 

Reteplase  (rPA) 

10U+10-U  IV 
boluses  given  30  min 
apart 

++ 

No 

84% 

Alteplase  (tPA) 

90-min  weight-based 
infusion0 

++ 

No 

73-84% 

Non-fibrin-specific 

Streptokinased 

1 .5  million  units  IV 
given  over  30-60  min 

No 

Yes6 

60-68  % 

From  O’Gara  et  al.  [1].  Reprinted  with  permission  from  Elsevier  Limited 

TV  indicates  intravenous,  rPA  reteplase  plasminogen  activator,  TIM  I  thrombolysis  in  myocardial  infarction,  TNK-tPA 
tenecteplase  tissue-type  plasminogen  activator,  tPA  tissue-type  plasminogen  activator 
Strength  of  fibrin  specificity;  “++++”  is  more  strong,  “++”  is  less  strong 

b30  mg  for  weight  <60  kg;  35  mg  for  60-69  kg;  40  mg  for  70-79  kg;  45  mg  for  80-89  kg;  and  50  mg  for  >90  kg 
cBolus  15  mg,  infusion  0.75  mg/kg  for  30  min  (maximum  50  mg),  then  0.5  mg/kg  (maximum  35  mg)  over  the  next 
60  min;  total  dose  not  to  exceed  100  mg 

dStreptokinase  is  no  longer  marketed  in  the  United  States  but  is  available  in  other  countries 

eStreptokinase  is  highly  antigenic  and  absolutely  contraindicated  within  6  months  of  previous  exposure  because  of  the 
potential  for  serious  allergic  reaction 


angiography  with  intent  to  perform  revasculariza¬ 
tion  within  24  h  of  admission)  [18].  However,  a 
delayed  invasive  strategy  (coronary  angiography 
with  intent  to  perform  revascularization  within 
25-72  h  of  admission)  is  reasonable  for  NSTE-ACS 
patients  at  low  risk  of  adverse  clinical  events. 
Fibrinolytic  therapy  should  not  be  used  for  reperfu- 
sion  in  patients  with  NSTE-ACS  [19]. 

Evidence  Contour 

Several  aspects  of  management  in  a  patient 
with  ACS  remain  without  consensus.  Recent 
trials  have  attempted  to  settle  uncertainty 
behind  many  approaches  involved  in  the  care  of 
patients  with  ACS. 

Routine  Early  PCI  After  Successful 
Thrombolysis  in  STEMI 

Many  patients  with  STEMI  present  to  hospitals  that 
are  not  PCI-capable  and  cannot  undergo  PCI  within 
the  timelines  suggested  in  current  guidelines, 


instead,  they  are  treated  with  fibrinloysis  as  the  ini¬ 
tial  reperfusion  therapy.  Initial  studies  showed  no 
clinical  benefit  with  routine  early  PCI  after  success¬ 
ful  fibrinolysis  [20].  However,  one  study  showed  a 
strategy  of  immediate  transfer  to  a  PCI-capable  hos¬ 
pital  within  6  h  after  successful  fibrinolysis  for  PCI 
to  be  associated  with  lower  incidence  of  primary 
composite  endpoint  of  death,  recurrent  MI,  heart 
failure  or  cardiogenic  shock  compared  to  standard 
therapy  alone  with  delayed  coronary  angiography 
or  rescue  PCI  when  indicated  [21].  A  strategy  of 
routine  transfer  and  angiography  at  3-24  h  is  rea¬ 
sonable  in  patients  who  have  undergone  initial 
reperfusion  therapy  with  a  fibrinolytic. 

Culprit  Only  vs  Complete 
Revascularization  in  STEMI 

STEMI  patients  with  obstructive  non-culprit 
lesions  are  at  increased  risk  of  major  adverse  car¬ 
diac  events.  However,  past  guidelines  recommend 
revascularization  of  culprit  lesions  only  unless 
complicated  by  cardiogenic  shock.  Results  from 
observational  and  small  randomized  controlled 
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trials  (RCTs),  though  suggest  potential  benefit 
with  complete  revascularization  in  STEMI 
patients  with  obstructive  non-culprit  lesions.  Such 
a  strategy  may  be  reasonable  in  selected  patients 
who  have  residual  critical  disease  after  primary 
PCI.  Data  from  ongoing  large  RCTs  will  help  to 
define  any  role  and  timing  of  routine  PCI  of  non¬ 
culprit  stenoses  in  patients  with  STEMI  [22] . 


P2Y12  inhibitor  for  12  months  in  patients  treated 
with  a  DES.  Two  recent  randomized  trials  have 
demonstrated  that  dual  antiplatelet  therapy 
beyond  12  months,  compared  with  aspirin  alone, 
reduced  risk  of  stent  thrombosis  and  major  car¬ 
diac  events,  in  particular  in  those  patients  with 
prior  ACS  [25,  26]. 


Manual  Thrombectomy 
During  Primary  PCI  in  STEMI 

Based  on  prior  studies,  past  practice  guidelines  [1] 
recommended  routine  manual  thrombectomy  to 
prevent  distal  embolization,  improve  coronary  per¬ 
fusion  and  reduce  adverse  events.  Subsequent  stud¬ 
ies,  however,  found  that  a  strategy  of  routine 
manual  thrombectomy  compared  with  PCI  not 
only  did  not  reduce  cardiovascular  deaths,  recur¬ 
rent  MI,  cardiogenic  shock  or  heart  failure  but  led 
to  possibly  increased  rates  of  stroke  [23] .  Therefore, 
routine  manual  thrombectomy  is  not  recommended 
for  all  patients  undergoing  primary  PCI. 

Ezetimibe  in  Acute  Coronary 
Syndromes 

Ezetimibe,  a  nonstatin  drug  that  decreases  intes¬ 
tinal  absorption  of  cholesterol  was  found  to 
reduce  adverse  cardiac  events  when  added  to 
simvastatin  in  a  larger  trial  of  patients  with  ACS 
[24] .  This  is  a  first  trial  showing  a  net  benefit  with 
addition  of  a  nonstatin  LDL-C  lowering  agent  to 
statin  therapy  and  suggests  a  promising  role  of 
other  novel  interventions  including  recently 
improved  PCSK9  inhibitors  in  lowering  LDL-C 
and  improving  cardiovascular  outcomes. 

Optimal  Duration  of  Dual 
Antiplatelet  Therapy  (DAPT) 

Large  proportions  of  patients  with  ACS  are 
treated  with  invasive  strategy  and  undergo  PCI 
with  drug-eluting  stents  (DES).  Current  practice 
guidelines  recommend  DAPT  with  aspirin  and  a 
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Case  Presentation 

A  61  year  old  woman  with  a  history  of  hyperten¬ 
sion,  tobacco  abuse,  and  Wolf-Parkinson- White 
syndrome  with  prior  ablation  15  years  ago,  pre¬ 
sented  to  the  emergency  department  via  ambu¬ 
lance  with  4  days  of  indigestion  and  generalized 
chest  discomfort,  with  more  severe  pain  lasting 
several  hours.  EMS  noted  her  to  be  tachy cardie 
with  HR  102  bpm,  and  hypotensive  with  BP 
83/61  mmHg.  The  following  12-lead  ECG  was 
obtained  (Fig.  13.1). 

The  initial  physical  exam  was  notable  for  an 
anxious  and  diaphoretic  patient  with  elevated 
jugular  venous  pressure,  crackles  at  the  lung 
bases,  and  a  left  ventricular  S3  with  a  soft  sys¬ 
tolic  murmur  adjacent  to  the  lower  left  sternal 
boarder.  Initial  blood  tests  showed  WBC  12.5, 
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hemoglobin  15.5  mg/dL,  serum  creatinine 
1.2  mg/dl,  and  cardiac  troponin  I  6.06  ug/L.  She 
was  brought  emergently  to  the  cardiac  catheter¬ 
ization  laboratory  where  she  was  found  to  have 
100%  occlusion  of  a  dominant,  mid-left  circum¬ 
flex  artery.  She  underwent  successful  PCI  with 
placement  of  two  overlapping  drug-eluting  stents, 
and  restoration  of  TIMI  3  flow  to  the  infarct 
related  artery  (Table  13.1).  At  the  conclusion  of 
the  case,  the  patient  became  agitated  and  pulse 
oximetry  showed  88  %  saturation  despite  admin¬ 
istering  100%  oxygen  by  non-rebreather  face- 
mask.  Blood-pressure  was  78/58  mmHg  at  this 
time,  and  the  patient  required  endotracheal  intu¬ 
bation  and  the  initiation  of  vasopressor  medica¬ 
tions  to  stabilize  her  blood  pressure. 

Question  What  is  the  differential  diagnosis  for 
the  patient’s  hemodynamic  and  respiratory 
decompensation,  and  what  should  be  done  next 
to  confirm  the  diagnosis? 

Answer  The  differential  diagnosis  must  include 
mechanical  complications  of  AMI  including  ven¬ 
tricular  septal  rupture  (VSR)  (Video  13.1),  papil¬ 
lary  muscle  rupture  leading  to  acute  mitral 
regurgitation  (MR)  (Video  13.2),  or  free- wall 
rupture  leading  to  pseudoaneurysm  or  cardiac 
tamponade  (Video  13.3).  Other  etiologies  to  be 
considered  include  RV  infarction,  acute  blood 
loss,  iatrogenic  hypotension  secondary  to  medi¬ 
cation,  and  cath  lab  complications  such  as  aortic 
dissection  or  coronary  perforation.  The  most 
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Fig.  13.1  12-lead  ECG 


Table  1 3.1  TIMI  flow  definitions 


TIMI  Grade  0 
(no  perfusion) 

There  is  no  antegrade  flow  beyond 
the  point  of  occlusion 

TIMI  Grade  1 
(penetration 
without 
perfusion) 

The  contrast  material  passes 
beyond  the  area  of  obstruction  but 
“hangs  up”  and  fails  to  opacify  the 
entire  coronary  bed  distal  to  the 
obstruction  for  the  duration  of  the 
cineangiographic  filming  sequence 

TIMI  Grade  2 

(partial 

perfusion) 

The  contrast  material  passes  across 
the  obstruction  and  opacifies  the 
coronary  bed  distal  to  the 
obstruction.  However,  the  rate  of 
entry  of  contrast  material  into  the 
vessel  distal  to  the  obstruction  or 
its  rate  of  clearance  from  the  distal 
bed  (or  both)  are  perceptibly 
slower  than  its  entry  into  or 
clearance  from  comparable  areas 
not  perfused  by  the  previously 
occluded  vessel  -  e.g.,  the  opposite 
coronary  artery  or  the  coronary 
bed  proximal  to  the  obstruction 

TIMI  Grade  3 

(complete 

perfusion) 

Antegrade  flow  into  the  bed  distal 
to  the  obstruction  occurs  as 
promptly  as  antegrade  flow  into  the 
bed  proximal  to  the  obstruction, 
and  clearance  of  contrast  material 
from  the  involved  bed  as  rapid  as 
clearance  from  an  uninvolved  bed 
in  the  same  vessel  or  the  opposite 
artery 

Data  from  Chesebro  et  al.  [16] 


rapid  way  to  confirm  the  diagnosis  is  with 
immediate,  trans-thoracic  echocardiography. 

The  patient  has  demonstrated  hemodynamic 
instability  despite  patency  of  the  infarct  related 
artery  in  the  setting  of  a  delayed  presentation  of 
acute  myocardial  infarction  (AMI).  Based  on  her 
clinical  and  hemodynamic  findings  she  is  now 
Killip  Class  IV  (Table  13.2).  Understanding  the 
etiology  of  her  hemodynamic  instability  is  now 
crucial  to  guide  further  management.  While  this 
may  represent  LV  failure  in  the  setting  of  a  large 
MI,  it  is  unusual  that  an  isolated  infarction  in  the 
distribution  described  will  account  for  these  find¬ 
ings.  Mechanical  complications  of  MI,  as  listed 
above,  must  be  considered  and  rapidly  identified 
or  excluded.  In  this  specific  case,  the  bedside  echo 
demonstrated  a  severe,  eccentric  jet  of  mitral 
regurgitation.  On  a  subsequent  trans-esophageal 
echocardiogram  (TEE),  the  diagnosis  was  con¬ 
firmed  to  be  due  to  rupture  and  flail  of  the  papil¬ 
lary  muscle  with  prolapse  into  the  left  atrium 
during  systole.  An  image  from  the  trans¬ 
esophageal  echocardiogram  obtained  in  the  stan¬ 
dard  4-chamber  view  is  provided  in  Fig.  13.2.  The 
patient  was  taken  emergently  to  the  operating 
room  where  a  bioprosthetic  mitral  valve  replace¬ 
ment  was  performed.  The  patient  was  successfully 
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discharged  to  a  sub-acute  nursing  facility  on  hos¬ 
pital  day  15,  and  made  a  full  recovery. 

Standard  Approach  to  Management 
Epidemiology 

Cardiogenic  shock  in  the  peri-infarct  setting  is 
defined  as  inadequate  tissue  perfusion  and 


Table  13.2  Killip  Class  definitions 


Definition 

30-day 
mortality  (in 
1967)  (%) 

Killip 
Class  I 

No  clinical  signs  of  heart 
failure 

<6 

Killip 

Class 

II 

Signs  of  heart  failure  including 
rhales  or  crackles  in  the  lower 
lung  fields,  an  S3,  or  elevated 
jugular  venous  pressure 

<17 

Killip 

Class 

III 

Frank,  acute  pulmonary 
edema. 

38 

Killip 

Class 

IV 

Cardiogenic  shock  or 
hypotension  (measured  as 
systolic  blood 
pressure  <  90  mmHg)  and 
evidence  of  peripheral 
vasoconstriction  (oliguria, 
cyanosis,  or  sweating) 

81 

Data  from  Killip  and  Kimball  [17] 


sustained  hypotension  despite  adequate  intravas¬ 
cular  volume.  Cardiogenic  shock  complicates 
between  5  and  8  %  of  cases  of  AMI  in  contempo¬ 
rary  databases  and  trials.  Mortality  for  AMI  in 
general  is  <5  %  in  contemporary  series,  but  can 
exceed  50  %  in  patients  with  shock  [1].  The  most 
common  cause  of  shock  after  AMI  is  left  ven¬ 
tricular  (LV)  failure  which  represents  80%  of 
cases,  but  mechanical  complications  of  AMI 
must  be  considered  including  isolated  right  ven¬ 
tricular  (RV)  infarct,  ventricular  septal  rupture 
(VSR),  free-wall  rupture  with  ensuing  cardiac 
tamponade,  and  papillary  muscle  rupture  leading 
to  acute  mitral  regurgitation  (MR).  Data  from  the 
SHOCK  trial  and  the  subsequent  SHOCK  regis¬ 
try  documented  the  most  common  etiologies  of 
cardiogenic  shock  among  1,422  patients  after 
AMI  (Fig.  13.3)  [2]. 

Diagnosis 

The  first  step  in  managing  patients  with  cardio¬ 
genic  shock  after  AMI  is  to  identify  the  cause. 
Specifically,  one  must  attempt  to  differentiate 
between  mechanical  complications  that  require 
immediate  operative  treatment  as  compared  to  LV 
failure  alone.  A  rapid  but  thorough  physical  exami¬ 
nation  is  important  in  any  patient  with  AMI  and 
shock.  Cardiac  auscultation  may  reveal  the 


Fig.  13.2  Trans¬ 
esophageal 
echocardiogram 
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characteristic,  harsh,  holosystolic  murmur  of  a 
VSR  or  a  softer,  apical  murmur  consistent  with 
acute  mitral  regurgitation.  Cardiac  tamponade  may 
be  suspected  based  on  jugular  venous  distention 
(JVD)  and  a  pulsus  paradoxus,  or  Beck’s  triad  of 
hypotension,  distended  neck  veins,  and  muffled 
heart  sounds.  Patients  with  RV  infarction  may 
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Fig.  1 3.3  Etiology  of  suspected  cardiogenic  shock  in  the 
combined  SHOCK  trial  registry  and  trial  (total  n=  1422, 
only  first  232  trial  patients  are  included).  “Other”  includes 
shock  caused  by  prior  severe  valvular  disease,  dilated  car¬ 
diomyopathy,  excess  beta-blockade/calcium  channel 
blockade,  hemorrhage,  and  procedural  complications. 
Aortic  dissection,  pulmonary  embolism,  and  dynamic 
subaortic  outflow  obstruction  should  also  be  considered. 
LVF  left  ventricular  failure,  MR  mitral  regurgitation,  RVF 
right  ventricular  failure,  VSR  ventricular  septal  rupture 
(Reproduced  with  permission  from  Menon,  Heart,  2002 
[2]  with  permission  from  BMJ  Publishing  Group  Ltd) 


display  a  pulsus  paradoxus  along  with  the  Kussmaul 
sign  (increase  in  JVD  with  inspiration)  which  is 
usually  absent  in  patients  with  cardiac  tamponade. 
Physical  exam  may  be  challenging  due  to  the 
degree  of  hypotension,  the  need  for  mechanical 
ventilation,  and  the  physical  environment.  The 
murmur  of  acute  MR  may  be  soft  and  difficult  to 
appreciate  due  to  rapid  elevation  in  left  atrial  pres¬ 
sures.  Similarly  a  large  VSR  in  the  setting  of  hypo¬ 
tension  may  also  be  under  appreciated. 

Practically  speaking,  most  mechanical  compli¬ 
cations  of  AMI  can  be  definitively  diagnosed  by 
prompt,  bedside,  trans-thoracic  echocardiography 
(TTE).  In  patients  who  are  brought  immediately  to 
the  cardiac  catheterization  lab  and/or  in  whom 
echocardiography  is  not  immediately  available  or 
is  inconclusive,  the  diagnosis  can  be  made  by  LV 
angiography  and/or  right  heart  catheterization. 
Using  a  balloon-tipped  catheter,  VSR  can  usually 
be  confirmed  by  demonstrating  a  “step-up”  in  the 
oxygen  saturation  of  blood  sampled  from  the  right 
ventricle  or  pulmonary  artery  as  compared  to  the 
right  atrium,  reflecting  shunting  of  oxygenated 
blood  from  the  LV  to  the  RV  through  the  ruptured 
septum,  and  subsequent  mixing  with  relatively 
deoxygenated  blood  returning  to  the  right  side  of 
the  heart  (Fig.  13.4).  Comparatively,  patients  with 
severe  mitral  regurgitation  will  likely  have  tall 
v-waves  in  the  pulmonary  capillary  wedge  tracing 
without  a  significant  step-up  in  oxygen  saturations. 
Importantly,  not  all  mitral  regurgitation  in  the 
setting  of  AMI  is  due  to  papillary  muscle  rupture, 
and  it  is  important  to  distinguish  MR  due  to  LV 


Fig.  13.4  Oximetry  run 
and  shunt  fraction 
calculation  in  a  patient 
with  an  apical  VSR 
showing  a  “step  up”  in  the 
RV  where  there  is  mixing 
of  venous  blood  with 
oxygenated  blood  from  the 
left  ventricle  that  is 
crossing  the  apical  septal 
defect.  Note:  RA  sat  can  be 
estimated  by  (3x 
SVC  +  IVC)/4.  Note:  A 
peripheral  arterial  sat  is 
usually  used  as  a  surrogate 
for  LV  saturation 
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dilation  or  posterior  mitral  leaflet  restriction  in  the 
setting  of  an  akinetic  inferior  wall  (Video  13.4), 
neither  of  which  would  typically  be  managed  with 
emergent  surgery.  Thus,  there  should  be  a  low 
threshold  to  proceed  to  trans-esophageal  echocar¬ 
diography  (TEE)  when  the  mechanism  for  the  MR 
is  ambiguous  on  surface  echocardiogram. 

Management  of  LV  Failure 

When  LV  failure  is  felt  to  be  responsible  for  car¬ 
diogenic  shock,  the  next  step  in  management  is  to 
ensure  complete  revascularization,  as  was  clearly 
demonstrated  in  the  SHOCK  trial  [1].  Patients 
with  ongoing  hemodynamic  embarrassment 
despite  revascularization  may  require  urgent 
mechanical  support,  most  commonly  in  the  form 
of  an  intra- aortic  balloon  pump  (IABP).  Inotropic 
and  vasopressor  agents  are  sometimes  used  in 
emergent  situations  to  stabilize  hemodynamics, 
but  have  not  been  shown  to  improve  hospital 


survival.  Other  mechanical  support  devices  that 
have  been  used  include  the  TandemHeart, 
Impella,  and  veno-arterial  extra-corporeal  mem¬ 
brane  oxygenation  (ECMO).  In  this  emergent 
setting,  mechanical  support  is  usually  utilized  as 
a  bridge  to  decision.  In  those  who  stabilize  and 
recover,  support  is  subsequently  withdrawn.  In 
others  who  continue  to  be  unstable,  destination 
support  with  an  LVAD  or  consideration  of  the 
LVAD  as  a  bridge  to  transplantation  may  be  con¬ 
sidered.  Finally  in  the  group  of  patients  where 
care  may  be  deemed  futile,  support  is  not  per¬ 
formed  or  may  be  subsequently  withdrawn. 

Management  of  Mechanical 
Complications 

Mechanical  complications  of  AMI  have  become 
less  common  in  the  era  of  early  reperfusion,  but 
mortality  for  these  patients  remains  high 
(Fig.  13.5)  [3].  Medical  management  of  papillary 
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Fig.  13.5  Survival  among  5,745  patients  undergoing  pri¬ 
mary  percutaneous  coronary  intervention  (PCI)  after 
ST-elevation  myocardial  infarction  in  the  APEX-AMI 
trial.  A  total  of  52  patients  (0.91%)  had  a  mechanical 


complication  of  which  15  were  papillary  muscle  rupture, 
30  were  free  wall  rupture  with  tamponade,  and  10  were 
ventricular  septal  rupture  (Adapted  from  French  [3]  with 
permission  from  Elsevier  Limited) 
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muscle  rupture  and  VSR  is  limited,  but  involves 
afterload  reduction  with  intravenous  sodium 
nitroprusside.  IABP  placement  is  considered  rou¬ 
tine  care  in  hemodynamically  unstable  patients. 
The  only  definitive  management  strategy  is  surgi¬ 
cal  repair,  although  a  variety  of  mechanical  sup¬ 
port  devices  have  been  used  to  temporarily 
stabilize  hemodynamically  unstable  patients  who 
were  not  initially  felt  to  be  candidates  for  surgery. 
When  the  diagnosis  of  a  mechanical  complica¬ 
tion  can  be  made  prior  to  primary  percutaneous 
coronary  intervention  (PCI),  immediate  collabo¬ 
ration  between  the  interventional  cardiologist 
and  cardiac  surgeon  is  needed  to  determine  the 
optimal  approach  for  prompt  restoration  of  coro¬ 
nary  flow,  while  also  considering  the  competing 
need  to  limit  the  administration  of  dual¬ 
antiplatelet  therapy  in  patients  undergoing  emer¬ 
gent  surgery.  In  some  cases,  balloon  angioplasty 
without  stent  placement,  followed  by  combined 
coronary  artery  bypass  graft  placement  with 
immediate  mechanical  repair,  may  be  the  pre¬ 
ferred  option. 

Evidence  Contour 

Timing  of  Surgery  in  Ventricular 
Septal  Rupture 

The  optimal  timing  for  surgery  in  unstable 
patients  with  ventricular  septal  rupture  is  contro¬ 
versial  given  the  exceedingly  high  mortality  of 
patients  who  are  operated  on  in  the  immediate, 
post-infarct  period  [4] .  Complexity  of  the  opera¬ 
tion,  relative  surgical  inexperience,  acute  right 
ventricular  dysfunction  from  infarction,  ischemia 
or  volume  overload,  patient  comorbidities,  or 
exposure  to  potent  antiplatelet  treatment  prior  to 
surgery  may  all  contribute  towards  this  finding. 
The  overall  mortality  of  patients  in  the  Society  of 
Thoracic  Surgeons  National  Database  for  patients 
with  VSR  was  42.9%,  but  was  significantly 
higher  (>60%)  in  patients  who  underwent  sur¬ 
gery  in  the  first  24  h,  as  compared  to  18.4%  in 
patients  in  whom  the  repair  was  delayed  until 
after  7  days  [5].  Unfortunately,  unstable  patients 


are  very  unlikely  to  survive  long  enough  for 
surgery  to  be  done  electively,  so  this  data  is 
mostly  reflective  of  survival  bias.  Many  have 
hypothesized  however  that  the  particularly  poor 
outcomes  with  immediate  surgery  may  be  in  part 
due  to  the  weak,  friable  tissue  of  an  acute  infarct 
which  holds  sutures  poorly.  Thus,  some  experi¬ 
enced  centers  have  attempted  a  strategy  of  full 
mechanical  support  with  a  planned,  delayed  sur¬ 
gery  in  select  patients,  although  the  success  of 
this  strategy  is  currently  limited  to  case  reports 
[6,  7].  In  general,  patients  who  are  considered 
acceptable  candidates  for  immediate  repair  based 
on  factors  including  comorbidities,  willingness 
of  the  patient  to  pursue  an  aggressive  strategy, 
and  comfort  of  the  surgeon/medical  center  in 
managing  the  patient,  should  undergo  surgical 
repair  without  delay. 

Percutaneous  Closure  of  VSR 

Given  the  exciting  evolution  of  structural  cardiac 
interventions  over  the  past  decade,  many  have 
considered  options  for  percutaneous  closure  of 
acute  VSR,  either  as  a  definitive  strategy,  or  as  a 
bridge  to  surgery  after  initial  stabilization.  This 
strategy  has  been  attempted  for  both  primary 
closure  and  in  the  treatment  of  residual  shunts 
after  surgical  repair.  Unfortunately,  when 
attempted  in  the  immediate,  post-infarct  period, 
or  in  patients  with  cardiogenic  shock,  mortality 
remains  high,  similar  to  surgical  series  [8].  The 
procedure  can  be  done  safely  however,  and  with 
technical  success  in  the  overwhelming  majority 
of  cases.  Thus,  procedures  done  in  the  acute  set¬ 
ting  should  likely  be  limited  to  patients  who  are 
not  initially  surgical  candidates,  and  undertaken 
with  the  goal  of  reducing  shunt  fraction  and 
improving  hemodynamic  stability  as  a  bridge  to 
a  more  definitive  surgical  repair.  For  patients  in 
the  sub-acute  to  chronic  period  whose  comor¬ 
bidities  continue  to  prevent  definitive  repair,  per¬ 
cutaneous  closure  is  an  especially  attractive 
option,  and  initial  clinical  series  have  shown 
excellent  success  and  low  30-day  mortality  in 
these  populations  [9-13]. 
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IABP  use  in  patients  with  cardiogenic  shock  after 
AMI  has  come  under  scrutiny  given  the  results  of 
the  IABP- SHOCK  II  trial  which  failed  to  show  a 
difference  in  30-day  mortality  among  patients 
that  were  randomized  to  IABP  placement  vs. 
open  label  controls  [14].  Although  well  per¬ 
formed,  IABP  placement  in  this  study  was  per¬ 
formed  only  after  revascularization  and  it 
included  large  subsets  of  patients  with  NSTEMI 
ACS  and  post  cardiac  arrest.  Criticisms  of  this 
study  have  also  included  a  high  cross-over  rate 
with  10%  of  patients  undergoing  IABP  place¬ 
ment  despite  randomization  to  the  control  group, 
and  a  trend  toward  higher  utilization  of  LV  assist 
devices  in  the  control  group.  Most  clinicians  feel 
that  IAPB  utilization  continues  to  be  a  useful 
adjunct  in  the  hemodynamically  unstable  patient 
with  AMI.  Based  on  the  IABP  -SHOCK  II  trial 
however,  its  utilization  has  been  downgraded  to  a 
Class  Ha  LOE  B  recommendation  from  the  2013 
ACCF/AHA  guidelines  on  management  of 
ST-elevation  MI  [15].  Importantly,  the  IABP- 
Shock  II  trial  was  not  powered  to  look  at  the  util¬ 
ity  of  IABP  placement  in  the  setting  of  VSR, 
where  it  is  considered  routine  care. 
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Case  Presentation 

A  64-year-old  man  with  a  remote  history  of  stage 
Ilia  adenocarcinoma  of  the  lung  treated  with  che¬ 
motherapy  and  radiation  presented  to  the  emer¬ 
gency  department  complaining  of  left-sided  chest 
pain  and  dyspnea.  He  had  been  diagnosed  with  a 
pulmonary  embolism  2  weeks  prior  and  was 
started  on  warfarin  at  that  time.  He  felt  well  until 
the  night  before  his  current  presentation  when  he 
became  acutely  dyspneic  while  lying  in  bed.  His 
triage  vital  signs  were  notable  for  a  heart  rate  of 
106  beats  per  minute  (bpm),  blood  pressure  of 
92/70  mmHg,  and  respiratory  rate  of  28  breaths 
per  minute.  A  pulsus  paradoxus  of  18  mmHg  was 
measured  by  manual  sphygmomanometer.  A 
12-lead  ECG  showed  sinus  tachycardia  with 
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low-normal  QRS  voltages  (Fig.  14.1).  A  chest 
x-ray  showed  stable  reticular  opacities  in  the 
right  middle  and  lower  lobes  at  the  sites  of  prior 
radiation  treatment,  as  well  as  a  prominent  car- 
diomediastinal  silhouette.  A  bedside  echocardio¬ 
gram  was  performed  which  showed  a  large 
circumferential  pericardial  effusion  with  early 
right  ventricular  (RV)  diastolic  collapse  and 
exaggerated  reciprocal  respiratory  variation  in 
mitral  and  tricuspid  early-diastolic  inflow  veloci¬ 
ties  (Fig.  14.2  and  Video  14.1). 

Question  What  is  the  appropriate  next  step  in 
the  management  of  the  patient’s  pericardial 
effusion? 

Answer  With  few  exceptions,  patients  with  clin¬ 
ical  and  supportive  echocardiographic  evidence 
of  cardiac  tamponade  should  undergo  emergent 
drainage  of  the  pericardial  effusion  by  percutane¬ 
ous  needle  pericardiocentesis.  Isotonic  fluids  can 
modestly  increase  cardiac  output  and  mean  arte¬ 
rial  pressure  in  about  half  of  patients  with  tam¬ 
ponade  [1],  but  the  results  are  generally  transient, 
and  this  intervention  should  not  substitute  for  or 
delay  pericardiocentesis. 

In  this  case,  the  patient  was  given  a  500  mF 
bolus  of  normal  saline  over  10  min  with  transient 
improvement  in  his  systolic  blood  pressure.  The 
cardiac  catheterization  laboratory  was  activated 
and  the  patient  was  given  two  units  of  fresh 
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Fig.  14.1  Admission  ECG 


Fig.  14.2  Pulse-wave 
Doppler  of  mitral  inflow 
in  the  apical  four  chamber 
view,  showing  >25  % 
respirophasic  variation  in 
diastolic  inflow  velocities 
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frozen  plasma  to  reverse  a  supratherapeutic  INR 
of  4.2.  The  pericardial  space  was  accessed 
through  a  subxiphoid  approach  using  echocardio- 
graphic  and  fluoroscopic  guidance.  The  pericar¬ 
dial  pressure  was  measured  at  24  mmHg.  A 
pericardial  drain  was  placed,  850  mL  of  bloody 
fluid  was  removed,  and  the  pericardial  pressure 
was  reduced  to  0  mmHg.  His  symptoms  dramati¬ 
cally  improved  and  his  blood  pressure  increased 
to  132/78  mmHg.  He  was  admitted  to  the  cardiac 


intensive  care  unit  for  ongoing  monitoring,  and 
over  the  ensuing  48  hours,  the  output  from  his 
pericardial  drain  tapered  off  to  zero.  A  repeat 
transthoracic  echocardiogram  showed  a  small 
residual  pericardial  effusion  without  evidence  of 
tamponade,  and  the  drain  was  removed. 
Pericardial  fluid  analysis  revealed  a  markedly 
elevated  red  blood  cell  count  (2  million/pl)  with 
negative  culture  and  cytology.  The  clinical  pic¬ 
ture  was  felt  to  be  consistent  with  a  hemorrhagic 
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pericardial  effusion  due  to  excessive  anticoagula¬ 
tion  in  the  setting  of  subclinical  radiation-induced 
pericardial  disease. 

Principles  of  Management 

Hemodynamic  Derangements 

Cardiac  tamponade  occurs  when  fluid  accumu¬ 
lates  in  the  intrapericardial  space,  increasing  intra- 
pericardial  pressure  and  impairing  cardiac  filling 
[2].  Tamponade  is  a  continuum  from  mild  impair¬ 
ment  in  cardiac  filling  to  complete  circulatory  col¬ 
lapse  [3].  The  primary  determinant  of  the 
hemodynamic  significance  of  a  pericardial  effu¬ 
sion  is  the  intrapericardial  pressure,  which  is 
related  to  the  volume  of  the  effusion  and  the  peri¬ 
cardial  pressure- volume  relationship.  The  latter  is 
heavily  influenced  by  the  chronicity  of  the  effu¬ 
sion,  and  hence  slowly  accumulating  pericardial 
fluid  can  lead  to  a  large  effusion  without  the  devel¬ 
opment  of  tamponade  [4].  As  intrapericardial  pres¬ 
sure  increases,  right  and  left-sided  atrial  and 
ventricular  pressures  also  increase  to  maintain 
end-diastolic  volume.  At  some  point,  generally  in 
the  range  of  15-20  mmHg,  the  intrapericardial 
pressure  approaches  intracavitary  pressures  with 
consequent  reduction  in  ventricular  transmural 
pressure  and  end-diastolic  volume  [5].  The  heart 
attempts  to  maintain  cardiac  output  by  increasing 
contractility  and  heart  rate,  but  these  compensa¬ 
tory  mechanisms  are  quickly  exhausted  and  pro¬ 
gressive  circulatory  collapse  ensues. 

Clinical  Findings 

The  classical  findings  of  cardiac  tamponade  were 
reported  in  1935  by  a  thoracic  surgeon  named 
Claude  Beck,  who  described  the  triad  of  hypoten¬ 
sion,  elevated  jugular  venous  pressure,  and  muf¬ 
fled  heart  sounds  in  a  series  of  surgical  patients 
with  cardiac  tamponade  due  to  intrapericardial 
hemorrhage  [6].  Although  this  constellation  of 
symptoms  has  remained  the  core  clinical  triad  of 
tamponade,  individual  components  may  not  be 
seen  in  all  patients  and  often  do  not  occur 


simultaneously  within  the  same  patient.  A  variant 
form  of  cardiac  tamponade  associated  with  sys¬ 
temic  hypertension  has  also  been  described  [7], 
and  pericardial  friction  rubs  can  sometimes  be 
heard  in  lieu  of  muffled  heart  sounds  in  patients 
with  concomitant  pericarditis  [8]. 

The  hallmark  of  cardiac  tamponade  is  a  para¬ 
doxical  pulse  (i.e.,  pulsus  paradoxus),  which  is 
defined  by  a  drop  in  systolic  arterial  pressure  of 
greater  than  10  mmHg  during  inspiration  [2]. 
This  occurs  because  the  total  intracardiac  volume 
is  relatively  fixed  due  to  the  elevated  intrapericar¬ 
dial  pressure.  As  venous  return  to  the  right  side  of 
the  heart  increases  with  inspiration,  the  interven¬ 
tricular  septum  shifts  to  the  left  in  an  exaggerated 
fashion  that  further  reduces  left  ventricular  (LV) 
stroke  volume.  The  pulsus  paradoxus  can  be 
measured  in  the  intensive  care  unit  by  cuff  sphyg- 
momanometry,  pulse  oximetry  waveform  analy¬ 
sis,  or  arterial  waveform  analysis  when  an  arterial 
line  is  present  [9].  The  patient  should  not  be 
asked  to  breathe  deeply  during  blood  pressure 
measurement  since  this  can  falsely  exaggerate 
blood  pressure  variation  over  the  respiratory 
cycle.  It  is  important  to  remember  that  several 
other  conditions  can  produce  a  pulsus  paradoxus, 
including  constrictive  pericarditis,  pulmonary 
embolism,  hypovolemic  shock,  and  severe 
obstructive  lung  disease. 

Non-invasive  Diagnostic  Testing 

A  12-lead  electrocardiogram  (ECG)  should  be 
obtained  in  all  patients  with  suspected  cardiac 
tamponade.  The  characteristic  abnormalities  seen 
on  ECG  are  decreased  QRS  voltage  and  electrical 
alternans.  Low  QRS  voltage  is  a  non-specific 
finding  that  is  also  seen  in  infiltrative  myocardial 
disease,  pulmonary  disease,  and  obesity. 
Electrical  alternans,  defined  as  beat-to-beat  varia¬ 
tion  in  QRS  amplitude  related  to  anterior- 
posterior  swinging  of  the  heart,  is  not  sensitive 
but  is  relatively  specific  for  cardiac  tamponade 
[10].  The  combination  of  P  wave  and  QRS  alter¬ 
nans  further  increases  specificity  [10]. 

Transthoracic  echocardiography  is  the  imag¬ 
ing  modality  of  choice  for  evaluating  the  size, 
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location,  and  degree  of  hemodynamic  impair¬ 
ment  caused  by  a  pericardial  effusion  [11,  12]. 

Several  echocardiographic  findings  support  the 

diagnosis  of  tamponade  [12,  13]: 

1.  Right  atrial  inversion  for  greater  than  one- 
third  of  systole 

2.  Right  ventricular  diastolic  collapse  (best 
appreciated  in  the  parasternal  long-axis  and 
subcostal  views) 

3.  Reciprocal  respiratory  variation  in  RV  and  LV 
volumes  and  consequent  septal  shifting  (best 
appreciated  in  the  apical  four-chamber  view) 

4.  Exaggerated  reciprocal  respiratory  variation 
(>25  %)  in  mitral  and  tricuspid  early-diastolic 
inflow  velocities  (i.e.,  E  velocities) 

5.  Increase  in  the  flow  velocity  integral  in  the 
pulmonary  artery  and  decrease  in  the  flow 
velocity  integral  in  the  aorta  during  inspira¬ 
tion  (i.e.,  “echocardiographic  pulsus 
paradoxus”) 

6.  Reduced  early-diastolic  mitral  annular  tissue 
Doppler  velocity  (i.e.,  E’  velocity) 


7.  Severe  dilation  of  the  inferior  vena  cava  (I VC) 
(i.e.,  I  VC  plethora) 

It  is  important  to  remember  that  cardiac  tam¬ 
ponade  is  a  clinical  and  hemodynamic  diagnosis. 
If  the  clinical  picture  is  consistent  with  cardiac 
tamponade,  the  most  important  echocardio¬ 
graphic  finding  is  the  presence  of  a  pericardial 
effusion.  In  this  case,  Doppler  evaluation  should 
not  delay  expeditious  treatment. 

Invasive  Diagnostic  Testing 

Invasive  hemodynamic  monitoring  with  a  pulmo¬ 
nary  arterial  catheter  can  provide  additional  evi¬ 
dence  for  the  diagnosis  of  cardiac  tamponade. 
Supportive  findings  include  equalization  of  dia¬ 
stolic  pressures  between  cardiac  chambers,  which 
produces  a  characteristic  “blunted”  y-descent  in 
the  right  atrial  tracing  (Fig.  14.3),  and  reciprocal 
respirophasic  variation  in  right  and  left- sided 
filling  pressures  [10].  Invasive  monitoring  is 


Fig.  14.3  Right  atrial 
tracing  demonstrating 
blunted  y-descent  in  a 
patient  with  cardiac 
tamponade 
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generally  not  necessary  for  diagnosing  tampon¬ 
ade,  and  should  be  reserved  for  circumstances  in 
which  there  is  diagnostic  uncertainty  (e.g.,  hyper¬ 
tensive  cardiac  tamponade).  It  is  also  necessary 
for  the  diagnosis  of  effusive-constrictive  pericar¬ 
ditis  (see  section  “Evidence  Contour”)  [14]. 

Closed  Pericardiocentesis 

In  most  cases,  the  treatment  of  cardiac  tamponade 
should  be  oriented  toward  emergent  drainage  of 
the  pericardial  effusion  by  percutaneous  needle 
pericardiocentesis.  Intravascular  volume  expan¬ 
sion  with  isotonic  fluid  resuscitation  can  lead  to 
modest  and  transient  increases  in  cardiac  output 
and  systolic  blood  pressure  in  about  half  of 
patients.  Since  volume  expansion  also  acutely 
increases  left  ventricular  diastolic  pressures,  it  is 
generally  recommended  that  no  more  than  500  mL 
be  administered  [1,  15].  Positive  inotropes  are  of 
limited  efficacy  because  endogenous  adrenergic 
activation  is  generally  near  maximal  [2] .  Intubation 
should  be  avoided  because  positive-pressure 
mechanical  ventilation  will  further  reduce  ventric¬ 
ular  transmural  pressure  and  diastolic  filling  [10]. 

Before  proceeding  with  closed  pericardiocente¬ 
sis,  it  should  be  confirmed  that  there  is  clear  clini¬ 
cal  evidence  of  tamponade  (including  a  pulsus 
paradoxus  >10  mmHg),  and  that  the  effusion  is 
large  enough  anteriorly  to  safely  access  the  fluid 
via  a  percutaneous  approach.  Whenever  possible, 
the  procedure  should  be  performed  by  an  experi¬ 
enced  provider  in  the  cardiac  catheterization  labo¬ 
ratory.  In  the  setting  of  circulatory  collapse,  a 
bedside  pericardiocentesis  may  be  performed 
emergently.  Real-time  transthoracic  echocardio- 
graphic  guidance  is  often  used  to  identify  the  opti¬ 
mal  percutaneous  approach  (generally  subxiphoid), 
and  has  been  shown  to  reduce  procedural  compli¬ 
cations  including  myocardial  puncture  [16,  17]. 
When  the  procedure  is  done  in  the  cardiac  cathe¬ 
terization  laboratory,  fluoroscopic  guidance  and 
invasive  hemodynamic  monitoring  can  also  be 
useful.  Once  the  pericardial  space  has  been 
accessed,  a  guidewire  is  passed  through  the  sheath 
to  facilitate  introduction  of  a  pigtail  catheter  [18]. 
Intrapericardial  pressure  should  be  measured  prior 


to  fluid  removal,  and  the  pericardial  fluid  analysis 
should  include  specific  gravity,  cell  count  and  dif¬ 
ferential,  total  protein  content,  gram  stain  and  cul¬ 
ture  for  detection  of  bacteria  (including 
tuberculosis)  and  fungi,  and  cytology.  When  the 
amount  of  pericardial  fluid  drained  decreases  to 
less  than  50  mL  per  day,  the  catheter  can  generally 
be  removed  [10].  In  rare  cases,  paradoxical  hemo¬ 
dynamic  deterioration  and  pulmonary  edema  asso¬ 
ciated  with  ventricular  dysfunction  have  been 
reported  after  pericardial  drainage.  Known  as  peri¬ 
cardial  decompression  syndrome  (PDS),  this  com¬ 
plication  remains  poorly  understood  [19]. 

Surgical  Drainage 

Open  pericardiocentesis  is  the  preferred  approach 
for  treating  tamponade  that  results  from  intra¬ 
pericardial  bleeding  due  to  myocardial  rupture  or 
aortic  dissection.  Loculated  effusions  and  effu¬ 
sions  with  excessive  fibrinous  material  (e.g.,  clot¬ 
ted  hemopericardium)  may  also  require  a  surgical 
approach.  In  these  cases,  surgery  is  generally  per¬ 
formed  through  a  limited  subxiphoid  incision. 

Most  malignant  pericardial  effusions  can  be 
treated  with  closed  pericardiocentesis  with  a  low 
recurrence  rate  [20].  When  hemodynamically 
significant  malignant  effusions  do  recur,  they 
should  generally  be  treated  with  open  pericardio¬ 
centesis  and  creation  of  a  pericardial  window 
[18].  Multiple  pericardial  biopsies,  with  or  with¬ 
out  pericardioscopic  guidance,  should  be 
obtained  at  the  time  of  surgery  [21]. 


Evidence  Contour 

Effusive-Constrictive  Pericarditis 

Effusive-constrictive  pericarditis  (ECP)  is  a  clini¬ 
cal  syndrome  in  which  constriction  of  the  vis¬ 
ceral  pericardium  occurs  in  the  presence  of  a 
tense  pericardial  effusion.  It  has  been  best  char¬ 
acterized  in  patients  presenting  with  cardiac  tam¬ 
ponade  who  have  persistently  elevated  right  atrial 
pressure  (i.e.,  failure  to  fall  by  50%  or  to  a  new 
level  below  10  mmHg)  after  removal  of  the 
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pericardial  fluid  [22].  It  is  estimated  that  ECP 
complicates  5-10%  of  cases  of  clinical  tampon¬ 
ade,  though  there  is  significant  geographic  varia¬ 
tion  in  the  prevalence  [22].  In  most  cases,  the 
definitive  treatment  of  ECP  is  pericardiectomy. 

Since  invasive  hemodynamic  monitoring  is 
not  routinely  needed  to  diagnose  cardiac  tam¬ 
ponade,  there  is  interest  in  developing  non-inva- 
sive  criteria  to  identify  patients  at  higher  risk  of 
ECP  who  should  undergo  cardiac  catheteriza¬ 
tion  at  the  time  of  pericardiocentesis  [14]. 
Echocardiography  and  cardiac  magnetic  reso¬ 
nance  imaging  have  been  explored  but  not  yet 
systematically  correlated  with  invasive  parame¬ 
ters  [14].  In  addition,  it  has  been  suggested  that 
patients  with  ECP  have  a  distinct  pattern  of 
immune  activation  when  compared  with  patients 
who  have  effusive  but  non-constrictive  pericar¬ 
dial  disease  [23].  Further  investigation  into 
these  differences  may  ultimately  lead  to  the 
identification  of  novel  serum  or  pericardial  bio¬ 
markers  for  the  diagnosis  of  ECP. 
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Case  Presentation 

A  67-year-old  man  was  driven  to  the  emergency 
room  by  his  wife  when  he  began  acting  strangely 
and  massaging  his  sternum.  He  previously  had 
been  reasonably  healthy,  with  past  medical  his¬ 
tory  significant  for  hypertension  and  hyperlipid¬ 
emia.  His  prescribed  medications  included 
hydrochlorothiazide  12.5  mg  daily,  enalapril 
5  mg  twice  daily,  amlodipine  10  mg  daily,  cloni- 
dine  0.3  mg  twice  daily,  combination  simvastatin 
and  ezetimibe,  81  mg  of  aspirin,  and  prn  ibupro- 
fen.  His  wife  reported  that  his  prescriptions  all 
ran  out  2  days  prior  to  admission. 

Physical  examination  revealed  an  overweight, 
restless  man  who  was  oriented  to  name  and  loca¬ 
tion  but  not  the  date.  When  asked  if  he  was  having 
chest  discomfort,  he  looked  up  quizzically  and 
rubbed  his  forehead.  He  was  afebrile,  respiratory 
rate  was  28  breaths  per  minute,  heart  rate  was  115 
beats  per  minute,  and  blood  pressure  was  235/130. 
His  lungs  were  clear  to  auscultation.  Cardiac 
exam  revealed  a  regular  SI  and  S2,  an  S3  and 
prominent  S4,  but  no  murmurs.  His  abdomen  was 
soft  and  non-tender.  He  had  no  edema.  Neurologic 
exam  revealed  no  focal  deficits. 
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Bedside  ultrasound  showed  his  optic  nerve 
sheath  to  be  5.3  mm  in  diameter,  B  lines  in  both 
lung  fields,  and  hyperdynamic  left  ventricular 
function  without  regional  wall  motion  abnormal¬ 
ities  or  valvular  dysfunction.  His  electrocardio¬ 
gram  (ECG)  is  shown  in  Fig.  15.1. 

Basic  metabolic  profile  demonstrated  a  plasma 
glucose  of  139,  creatinine  of  1.4  mg/dL  and  a 
BUN  of  30  mg/dL.  His  CBC  was  within  normal 
limits.  Urinalysis  showed  trace  proteinuria,  mod¬ 
est  red  blood  cells,  and  no  casts.  His  cardiac  tro¬ 
ponin  was  normal. 

Question  What  is  the  diagnosis? 

Answer  Hypertensive  crisis. 

The  patient  presented  with  significant  hyperten¬ 
sion  and  end-organ  dysfunction  including  hyper¬ 
tensive  encephalopathy,  acute  kidney  injury,  and 
myocardial  ischemia  by  ECG.  He  was  treated  with 
IV  labetalol  and  intravenous  nitroglycerin.  Within 
the  first  hour,  his  blood  pressure  was  reduced  to 
210/115.  Labetalol  and  nitroglycerin  were  both  up- 
titrated  and  furosemide  was  administered.  Head 
CT  showed  no  acute  abnormalities.  Upon  obtain¬ 
ing  further  history,  his  wife  mentioned  that  he  was 
a  recreational  drug  user,  and  the  previous  day  had 
used  cocaine.  Urine  drug  screen  was  positive. 
Benzodiazepines  were  started.  An  arterial  line  was 
placed  for  invasive  blood  pressure  monitoring.  A 
repeat  cardiac  troponin  was  elevated  at  4.3. 

Over  the  course  of  the  next  24  h,  his  blood 
pressure  came  down  to  175/100  and  heart  rate 
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to  90.  His  mentation  improved,  he  said  he  was 
having  no  chest  discomfort,  his  lungs  were 
clear  to  auscultation,  and  the  S3  was  no  longer 
audible.  The  following  day  his  previous  oral 
anti-hypertensive  regimen  was  reinstituted.  2 
days  later,  he  had  an  exercise  stress  SPECT 
myocardial  perfusion  study,  which  demon¬ 
strated  no  evidence  of  ischemia,  and  an  ejection 
fraction  of  60%.  He  was  discharged  home  the 
following  day. 

Principles  of  Management 
Diagnosis 

Hypertensive  crisis  is  defined  as  uncontrolled 
hypertension  (diastolic  blood  pressure 
>120  mmHg  and/or  systolic  blood  pressure 


>180  mmHg)  accompanied  by  evidence  of  acute 
end  organ  involvement,  most  commonly  mani¬ 
fested  by  mental  status  changes,  stroke,  aortic 
dissection,  or  renal  dysfunction.  The  initial  dif¬ 
ferential  diagnosis  should  include  acute  myocar¬ 
dial  infarction,  aortic  dissection,  stroke  (ischemic 
or  hemorrhagic),  subarachnoid  hemorrhage, 
renal  disease,  drugs  (such  as  amphetamines, 
cocaine,  or  dietary  indiscretion  with  MAO  inhibi¬ 
tors),  head  trauma,  and  other  causes  of  autonomic 
overactivity  such  as  pheochromocytoma,  auto¬ 
nomic  dysfunction,  or  antihypertensive  drug 
withdrawal  [1]. 

Traditionally,  fundoscopic  examination  is  used 
to  identify  papilledema  and  other  hallmarks  of 
hypertension.  However,  few  non-ophthalmologists 
are  skilled  at  fundoscopic  examination,  and 
neuro-ophthalmologists  only  agree  on  the  Frisen 
grading  of  36  %  of  the  time  [2]. 
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Modified  Frisen  Scale 

Papilledema  Grade,  major  findings 

0  (Normal) 

1  (Minimal  degree  of  edema)  C  shaped 
halo  that  is  subtle  and  grayish,  with  a 
temporal  gap;  obscures  underlying  reti¬ 
nal  details 

2  (Low  degree  of  edema)  Circumferential 
halo 

3  (Moderate  degree  of  edema)  Obscuration 

of  >1  segment  of  major  blood  vessels 
leaving  disc 

4  (Marked  degree  of  edema)  Total  obscura¬ 

tion  on  the  disc  of  a  segment  of  a  major 
blood  vessel  on  the  disc 

5  (Severe  degree  of  edema)  Obscuration  of 

all  vessels  on  the  disc  and  leaving  the  disc 

Modified  from  Scott  CJ  Arch  Ophthalmol 
2010\128(6)\705 


Optic  disk  diameter  greater  than  5  mm  by  ocu¬ 
lar  ultrasound  (Fig.  15.2)  has  been  shown  to 
detect  intracranial  pressure  greater  than  20  with 
an  AUC  of  0.93  [3]. 

The  patient  in  this  case  had  evidence  of  pul¬ 
monary  edema  and  thus  received  diuretics;  how¬ 
ever,  many  patients  with  hypertensive  crises  are 
volume  depleted,  and  in  the  absence  of  obvious 
volume  overload,  diuretics  should  generally  be 
avoided  [5].  Renal  injury  from  hypertensive  cri¬ 
sis  is  manifest  clinically  by  hematuria  and  creati¬ 
nine  elevation.  Pathologically,  renal  injury  is 
described  as  hypertensive  nephrosclerosis,  with 
necrosis  of  renal  capillaries  and  “onion  skinning” 
of  small  renal  arterioles. 

Withdrawal  syndromes  from  cessation  of  anti¬ 
hypertensive  therapy  are  common.  Mechanisms 
are  different  depending  on  the  discontinued  med¬ 
ication.  Clonidine  withdrawal  is  seen  commonly, 
and  attributed  to  a  rapid  return  of  catecholamine 
secretion  that  has  been  suppressed  during  treat¬ 
ment.  Symptoms  from  beta  blocker  withdrawal 
are  related  to  drug  half-life  versus  the  speed  of 
down  regulation  of  adrenergic  receptors  that  had 


previously  been  up  regulated  due  to  beta- 
blockade.  Thus,  withdrawal  is  more  commonly 
seen  with  cessation  of  short  acting  as  opposed  to 
long  acting  agents  [6] . 

The  diagnosis  of  hypertensive  encephalopathy 
is  one  of  exclusion.  Posterior  reversible  encepha¬ 
lopathy  syndrome  (PRES)  presents  with  head¬ 
ache,  vomiting,  altered  mental  status  and  seizures, 
with  loss  of  gray-white  differentiation  and  cere¬ 
bral  edema,  largely  in  the  posterior  portions  of 
the  brain  (Fig.  15.3)  [7].  While  it  usually  resolves 
with  treatment,  there  can  be  permanent  deficits  if 
not  treated  promptly. 

Treatment  of  Hypertensive  Crises 

Patients  with  hypertensive  crisis  require  intensive 
care  unit  admission  and  careful  monitoring;  given 
the  usual  need  for  parenteral  treatment,  an  arterial 
line  for  continuous  monitoring  of  the  response  to 
therapy  should  be  placed  in  most  cases.  Selection 
of  a  specific  agent(s)  is  tailored  to  the  clinical  sce¬ 
nario.  Treatment  goal  is  a  reduction  of  systolic 
blood  pressure  by  10%  during  the  first  hour,  and 
25  %  during  the  first  24  h.  In  most  instances  the 
goal  is  not  to  quickly  normalize  the  blood  pres¬ 
sure,  but  to  lower  it  in  order  to  abort  the  crisis. 
Many  patients  have  had  long-standing  hyperten¬ 
sion  and  have  auto-regulated  their  vasculature,  and 
therefore  a  higher  than  normal  blood  pressure  may 
be  needed  for  adequate  organ  perfusion.  After 
about  24  h  of  adequate  control,  patients  are 
switched  to  an  oral  regimen.  Management  of  acute 
aortic  dissection  and  ischemic  stroke  are  excep¬ 
tions  to  these  goals  (see  Chapters  11  and  12). 

Pharmacotherapy  (Table  15.1) 

(a)  Esmolol  as  an  ultra-short  acting  beta  blocker 
with  an  almost  immediate  onset,  and  the 
half-life  is  only  9  min. 

(b)  Labetalol  is  a  combined  alpha-  and  beta- 
adrenergic  receptor  blocker  with  a  rapid 
onset.  It  is  considered  safe  in  patients  with 
active  coronary  disease  because  its  beta- 
blockade  does  not  cause  reflex  tachycardia. 
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Fig.  15.2  Ocular  ultra¬ 
sound  with  optic  nerve 
measurement  3  mm  poste¬ 
rior  to  retina  arrows  indi¬ 
cate  edges  of  the  optic 
nerve  (Image  courtesy  of 
Phil  Lamberty,  MD) 


Fig.  15.3  Axial  flair  image  of  MRI  of  patient  with  PRES, 
demonstrating  high  signal  activity  (arrow)  confined  to  the 
white  matter  in  a  posterior  distribution  (Image  courtesy  of 
Barton  F  Branstetter  IV,  MD) 

(c)  Sodium  nitroprusside  is  a  potent  arteriolar 
vasodilator  that  has  onset  within  a  minute,  and 
lasts  for  about  10  min.  It  is  metabolized  to 
cyanide  and  can  lead  to  cyanide  or  thiocyanate 


toxicity  especially  (but  not  only)  when  used  at 
high  doses,  for  periods  longer  than  24^48  h,  or 
in  renal  insufficiency. 

(d)  Nitroglycerin  is  predominantly  a  venodila- 
tor,  though  intravenously  at  higher  doses  it 
also  has  arteriolar  dilating  effects.  Its  anti¬ 
hypertensive  effects  are  less  potent  than 
nitroprusside.  Prolonged  use  can  cause 
methemoglobinemia. 

(e)  Nicardipine  is  a  calcium  channel  antagonist, 
and  is  an  effective  drug,  but  it  has  a  longer 
onset  of  action  and  half-life.  It  is  used  in  sub¬ 
arachnoid  and  intracranial  hemorrhage 
because  it  may  reduce  cerebral  vasospasm, 
and  does  not  increase  intracranial  pressure  as 
may  occur  with  nitroprusside. 

(f)  Hydralazine  as  a  direct  arteriolar  dilator.  It 
can  cause  reflex  tachycardia.  Its  use  is 
generally  limited  to  pregnant  women  who 
cannot  use  other  agents. 

(g)  Less  commonly  used  agents: 

•  Clevidipine  is  a  short  acting  dihydropyri¬ 
dine  calcium  channel  blocker,  with  an 
elimination  time  of  between  5  and  15  min. 
It  is  an  arteriolar  dilator,  and  it  is  adminis¬ 
tered  in  a  lipid  emulsion,  and  is  contrain¬ 
dicated  in  patients  with  allergies  to  eggs 
or  soy  products  [9] . 


Table  1 5.1  Drugs  used  for  the  treatment  of  hypertensive  crises 
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•  Fenoldopam  as  a  dopamine  agonist,  and  is 
the  only  intravenous  agent  that  increases 
renal  blood  flow.  It  can  increase  intraocu¬ 
lar  pressure  so  should  not  be  used  in 
patients  with  glaucoma  [10]. 

•  Phentolamine  is  a  nonselective  alpha- 
adrenergic  receptor  blocker,  and  its  use 
is  largely  in  patients  with  pheochromo- 
cytoma  or  tyramine  ingestion  in  patients 
who  are  on  monoamine  oxidase  inhibi¬ 
tors.  In  these  latter  instances,  one 
should  not  use  beta-blockers  until  suf¬ 
ficient  alpha  blockade  has  been 
achieved;  doing  so  could  remove  the 
vasodilatation  of  beta-1  stimulation, 
making  the  alpha  mediated  constriction 
worse. 

•  Enalaprilit  is  an  intravenous  form  of  enal- 
april.  The  blood  pressure  response  to  this 
agent  can  be  variable  because  its  action  is 
dependent  on  plasma  volume  and  renin 
activity.  If  the  patient  is  hypovolemic  with 
high  plasma  renin,  excessive  hypotension 
has  been  reported. 

(h)  Suggested  drugs  for  specific  clinical  scenar¬ 
ios  are  shown  in  Table  15.2. 


Evaluation  for  Secondary  Causes 
of  Hypertension 

The  prevalence  of  secondary  hypertension  is 
higher  in  patients  who  have  presented  with  a 
hypertensive  crisis  compared  with  those  who 
have  not.  Evaluation  should  be  considered  as 
guided  by  clinical  presentation.  Ten  to  forty-five 
percent  of  patients  with  hypertensive  crises  have 
renal  artery  stenosis  [11].  Common  secondary 
causes  and  suggested  diagnostic  strategies  are 
outlined  in  Table  15.3. 

Treatment  of  cocaine-induced  hypertension 
includes  benzodiazepines  to  reduce  the  central 
stimulatory  effects  of  the  cocaine,  calcium 
antagonists,  alpha  blockers,  and  either  nitroglyc¬ 
erin,  nitroprusside,  or  clevidipine.  Beta  blockers 
are  generally  avoided  because  of  the  risk  of 
removing  beta-1  mediated  vasodilation  [12]. 

Evidence  Contour 

There  are  few  high  quality  studies  comparing 
various  treatment  modalities  and  outcomes  for 
hypertensive  crises.  Those  studies  that  are  avail- 


Table  1 5.2  Suggested  drugs  in  particular  clinical  scenarios 


Clinical  scenario 

Suggested  drugs 

Cardiac  ischemia 

Nitroglycerin,  nitroprusside,  or  nicardipine  plus  a  beta  blocker 
such  as  esmolol,  labetalol,  or  metoprolol 

Pulmonary  edema/congestive  heart  failure 

Nitroglycerin,  nitroprusside,  or  clevidipine;  add  beta  blocker 
if  tachycardic 

Aortic  dissection 

Nitroprusside,  clevidipine,  or  fenoldopam  plus  beta  blocker 
such  as  labetalol  or  esmolol 

Renal  dysfunction  (hematuria  or  worsening 
creatinine) 

Fenolodopam  [16] 

Catecholamine  excess  (pheochromocytoma,  drug 
withdrawal,  cocaine,  amphetamines) 

Nicardipine,  clevidipine,  nitroprusside;  benzodiazepines  for 
cocaine 

Hypertensive  encephalopathy 

Nicardipine,  clevidipine,  fenoldopam 

Ischemic  stroke  (if  BP  >220/120  if  not  receiving 
thrombolytics,  or  >185/110  if  receiving 
thrombolytics) 

Nicardipine,  clevidipine,  fenoldopam 

Intracerebral  hemorrhage  (if  BP  >200  or  mean 
>150) 

Nimodopine,  nicardipine,  clevidipine,  fenoldopam 

Subarachnoid  hemorrhage  (if  BP  >160) 

Labetalol,  nicardipine,  clevidipine  plus  PO  nimodopine  for 
spasm  reduction 

Pregnancy  (>150/100) 

Labetalol,  hydralazine,  nitroglycerine  if  associated  pulmonary 
edema 

142 


M.  Schmidhofer 


Table  1 5.3  More  common  causes  of  secondary  hypertension  and  suggested  testing  strategies 


Cause 

Screening  test 

Definitive  test 

Chronic  renal  disease 

UA/creatinine/renal  ultrasound 

Renovascular  disease 

Duplex  Doppler 

MRI,  CT  angiography 

Coarctation  of  aorta 

BP  arms  and  legs 

Echo,  MRI,  CT  angiography 

Primary  aldosteronism 

Plasma  and  urinaryK 

Plasma  aldosterone/renin  ratio 

Urinary  aldosterone  after  salt 
load;  adrenal  CT;  adrenal 
vein  sampling 

Cushing’s  disease 

Dexamethasone  suppression 

Pheochromocytoma 

Plasma  free  metanephrines 

Urine  metanephrines,  catecholamines 
(falsely  elevated  during  stress) 

able  generally  are  observational,  demonstrating 
the  ability  of  an  agent  to  achieve  target  blood 
pressures  in  what  timeframe,  or  comparing  a 
newer  drug  with  an  established  agent,  (e.g.,  clevi- 
dipine  versus  nitroprusside,  or  nicardipine  with 
labetalol);  in  general,  they  demonstrate  that  all 
agents  described  in  this  chapter  have  utility  in 
appropriate  circumstances,  without  clear  superi¬ 
ority  of  one  versus  another. 

Specific  Subsets  of  Patients 

with  Hypertensive  Crisis  May  Warrant 

Specific  Treatment  Approaches 

(a)  Blood  pressure  control  for  acute  neurologic 
syndromes.  As  discussed  above,  recom¬ 
mended  target  blood  pressures  vary  in  differ¬ 
ent  neurologic  syndromes,  and  clear  guidance 
is  not  available  for  any  of  them  (see  Chapter 
34)  [8,  13]. 

(b)  The  use  of  beta  blockers  in  cocaine  intoxica¬ 
tion  is  unclear.  The  concern  is  that  beta- 
blockade  removes  the  beta  mediated 
vasodilatation  and  thus  can  make  the  hyper¬ 
tension  worse,  and  can  make  vasospasm 
worse.  Given  the  significant  recidivism  rate, 
having  patients  on  chronic  beta-blockade 
may  be  unwise.  However,  in  the  presence  of 
LV  dysfunction  or  significant  arrhythmias, 
the  benefits  may  outweigh  the  risk,  and  at 
least  one  study  raises  the  possibility  that 
beta-blockers  are  not  detrimental  [14].  In 


general,  however,  most  physicians  avoid 
beta  blockers. 
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Case  Presentation 

A  49  year  old  male  with  a  history  of  non-ischemic 
cardiomyopathy  presented  with  worsening  dys¬ 
pnea  on  exertion,  nausea,  and  three  days  of 
altered  sensorium.  A  recent  echocardiogram 
demonstrated  severely  reduced  left  ventricular 
ejection  fraction  (LVEF)  of  15-20%,  moderate- 
to-severe  functional  mitral  regurgitation,  a  dilated 
left  ventricle,  and  a  severely  enlarged  left  atrium. 
At  his  prior  office  visits,  electrocardiograms 
demonstrated  sinus  rhythm.  He  had  been  on  a 
stable  medical  regimen  of  carvedilol  12.5  mg 
twice  daily,  lisinopril  40  mg  daily,  spironolactone 
25  mg  daily,  furosemide  40  mg  twice  daily  and 
he  has  not  missed  any  of  his  medications.  He 
denied  dietary  indiscretion  or  symptoms  of  infec¬ 
tion.  His  heart  rate  was  106  beats  per  minute, 
blood  pressure  88/60  mmHg,  respiratory  rate  26, 
temperature  98.8  F,  and  oxygen  saturation  90% 
on  room  air.  On  examination,  he  had  cool  extrem¬ 
ities,  elevated  jugular  venous  pressure  to  the 
mandible  while  seated  at  90°,  bilateral  rales  half 
way  up  his  lung  fields,  a  prominent  S3  gallop,  a 
3/6  holosysolic  murmur  best  at  the  apex  radiating 
to  the  axilla,  and  irregularly  irregular,  thready 
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central  pulses.  He  had  2+  pitting  edema  to  his 
knees.  He  had  no  focal  neurological  deficits  and 
his  abdominal  exam  was  unremarkable.  His  labs 
demonstrated  a  creatinine  at  F8  mg/dF,  a  sodium 
of  130  mmol/F,  a  potassium  of  4.3  mmol/F,  and 
a  magnesium  of  2.3  mg/dF.  His  lactate  was  2.5. 
ECG  is  shown  in  Fig.  16.1. 

Question  What  is  this  rhythm? 

Answer  Atrial  fibrillation 

This  ECG  demonstrates  an  irregularly  irregu¬ 
lar  rhythm  without  discernable  p- waves,  consis¬ 
tent  with  atrial  fibrillation  (AF).  The  patient 
presented  in  cardiogenic  shock.  It  was  uncertain 
whether  the  AF  was  simply  one  manifestation  of 
his  decompensated  heart  failure  or  whether  the 
onset  of  AF  with  a  rapid  ventricular  rate  was  the 
primary  reason  for  his  decompensation,  due  to  the 
rapid  rate  and  loss  of  atrial  contribution  to  ven¬ 
tricular  filling.  The  duration  of  the  arrhythmia  was 
unknown,  so  the  patient  could  not  safely  undergo 
elective  cardioversion  without  anticoagulation 
and  transesophageal  echocardiography  (TEE)  to 
verify  the  absence  of  atrial  thrombus.  Because  he 
was  not  hypotensive,  immediate  direct  current 
cardioversion  (DCCV)  was  not  performed. 
Options  for  control  of  the  ventricular  rate  were 
limited  by  his  cardiogenic  shock.  He  was  admit¬ 
ted  to  the  ICU  where  a  heparin  drip  was  initiated, 
and  he  was  treated  with  intravenous  furosemide. 
With  diuresis  alone,  his  shock  state  resolved,  his 
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Fig.  1 6.1  12  Lead  ECG  with  atrial  fibrillation 


creatinine,  sodium,  and  lactate  normalized,  but 
his  symptoms  of  dyspnea  persisted.  He  underwent 
a  TEE  guided  cardioversion,  restoring  sinus 
rhythm.  He  ultimately  was  discharged  home  with 
follow  up  with  electrophysiology. 

Principles  of  Management 
Diagnosis 

Conditions  which  increase  the  risk  for  new 
onset  AF: 


Triggers  for  Atrial  Fibrillation 

Acute/chronic  pulmonary:  pneumonia, 
pulmonary  embolism,  COPD  exacerba¬ 
tion,  sleep  apnea 

Heart  failure,  myocardial  infarction,  mitral 
valve  disease 

Cardiac  or  thoracic  surgery 

Acute  or  chronic  hyperthyroidism,  alcohol 
use 


The  incidence  of  AF  increases  steadily  with 
advancing  age.  AF  is  commonly  classified  into 
three  categories:  paroxysmal,  persistent  (sustained 


longer  than  7  days),  or  permanent  [1].  Physical 
exam  demonstrates  an  irregularly  irregular 
heart  rate  on  auscultation  of  the  heart  and  pal¬ 
pation  of  the  pulse.  ECG  findings  include  a 
variable  R-R  interval,  with  no  discernable 
P-wave  preceding  each  QRS  complex.  R-R 
variability  may  be  less  apparent  at  elevated 
heart  rates  (Fig.  16.2). 

Echocardiograms  demonstrate  absence  of  A 
waves  on  pulse-  and  continuous-wave  Doppler  of 
the  mitral  valve  in  the  apical  views,  along  with  a 
single  E  wave  on  M-Mode  of  the  mitral  valve  in 
the  parasternal  long  axis  view  (Fig.  16.3). 

AF  may  be  asymptomatic  or  associated  with  a 
spectrum  of  symptoms  ranging  from  palpitations 
to  those  of  heart  failure  or  cardiogenic  shock, 
severe  dyspnea,  and  lack  of  energy. 


Physiologic  Effects 

The  deleterious  effects  of  AF  come  in  two  pri¬ 
mary  categories:  hemodynamic  embarrassment 
and  cardioembolism.  Hemodynamically,  AF 
results  in  the  lack  of  mechanical  contraction  of 
the  left  atrium,  resulting  in  depressed  preload  of 
the  left  ventricle.  In  the  setting  of  heart  failure 
with  reduced  ejection  fraction  (HFrEF)  or  severe 
aortic  stenosis,  this  acute  loss  of  atrial  “kick”  can 
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Fig.  16.2  R-R  variability  with  very  high  ventricular  rates 


Fig.  16.3  Mitral  inflow 
pattern  in  atrial  fibrilla¬ 
tion,  with  no  atrial  con¬ 
traction,  just  passive  filling 
(E  wave  only,  no  A  wave) 


result  in  a  meaningful  decline  in  cardiac  stroke 
volume  and  cardiac  output  [2].  Patients  with 
heart  failure  with  preserved  ejection  fraction 
(HFpEF)  are  exquisitely  sensitive  to  preload  so 
acutely  lowering  their  preload  conditions  can 
have  rapid  deleterious  effects  on  their  cardiac 
function.  The  same  principle  applies  to  patients 
with  hypertrophic  obstructive  cardiomyopathy 
(HOCM)  and  pulmonary  hypertension  [3].  In 
structurally  normal  hearts,  some  patients  may  be 
quite  symptomatic  from  the  loss  of  the  atrial 
“kick”,  and  others  may  be  asymptomatic.  In 
many  asymptomatic  patients,  their  first  sign  of 
the  arrhythmia  is  an  embolic  event  such  as  a 
stroke  [4]. 

A  patient’s  risk  of  embolic  events  such  as 
cerebrovascular  accidents  (CVAs)  or  ischemic 
bowel  can  be  calculated  using  a  prognostic  model 
such  as  the  CHADS 2- Vase  score  that  is  available 
through  a  variety  of  online  risk  calculators  (e.g. 
http://www.mdcalc.com/cha2ds2-vasc-score-for- 
atrial-fibrillation-stroke-risk/)  (Table  16.1)  [5]. 


This  model  has  been  validated  and  helps  clinicians 
and  patients  understand  the  long  term  risk  for 
embolic  events  [6]. 

Another  model,  the  HAS-BLED  score,  uses 
similar  inputs,  but  can  help  calculate  the  possibil¬ 
ity  of  a  severe  bleeding  event  during  anticoagula¬ 
tion  (e.g.  http://www.mdcalc.com/has-bled-score- 
for-major-bleeding-risk/)  (Table  16.2)  [7].  These 
models  help  predict  risk  of  ischemic  events  over 
the  course  of  years,  so  apply  less  to  the  acute 
inpatient  management  of  patients  with  AF. 

Treatment  Strategies 

Aligned  with  physiologic  effects,  treatment  of 
AF  has  two  main  goals:  hemodynamic  and 
embolic  risk  mitigation.  There  are  two  potential 
strategies  to  mitigate  the  hemodynamic  impact 
of  AF  rate  control  and  rhythm  control.  Long¬ 
term  outpatient  management  of  AF  was  assessed 
in  the  AFFIRM  trial  and  despite  long-standing 
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Table  1 6.1  CHADS2-Vasc  score  [5] 


Risk  factor 

Score 

Congestive  heart  failure/LV  dysfunction 

1 

Hypertension 

1 

Age  >75  y 

2 

Diabetes  mellitus 

1 

Stroke/TIA/TE 

2 

Vascular  disease  (prior  myocardial  infarction, 
peripheral  artery  disease,  or  aortic  plaque) 

1 

Age  65-74  y 

1 

Sex  category  (i.e.  female  gender) 

1 

debate  as  to  the  applicability  of  the  outcome,  no 
significant  mortality  benefit  to  rhythm  control 
was  identified  [8].  Inpatient  management  of  AF 
is  more  guided  by  symptoms  and  clinical 
presentation. 

Rate  Control 

Patients  with  AF  frequently  present  with  rapid 
ventricular  rates  which  drive  their  symptoms. 
Heart  rate  control  is  achieved  by  two  main 
classes  of  medications:  beta-blockers  and  cal¬ 
cium  channel  blockers.  Both  classes  of  medica¬ 
tions  slow  AV  nodal  conduction  and  exert 
negative  inotropic  effects.  Care  must  be  exer¬ 
cised  with  the  use  of  these  agents,  particularly 
in  patients  with  HFrEF,  because  of  their  nega¬ 
tive  inotropic  effects.  Diltiazem  carries  a  greater 
risk  of  inducing  cardiogenic  shock  and  even 
death  in  patients  with  HFrEF,  especially  if  they 
are  in  a  decompensated  state,  versus  metoprolol. 
Esmolol  may  be  a  reasonable  option  with  very 
rapid  offset  that  can  be  trialed  in  patients  who 
may  not  tolerate  rate  controlling  agents  with 
negative  inotropic  effects.  Digoxin  has  modest 
efficacy  but  is  sometimes  the  best  alternative 
when  beta-blockers  and  calcium  channel  block¬ 
ers  are  not  tolerated.  Extrapolation  of  data  from 
the  RACE  2  trial  suggests  that  targeting  a  heart 
rate  of  less  than  110  bpm  is  a  safe  management 
strategy,  assuming  hemodynamic  stability 
(Table  16.3)  [9]. 

Rhythm  Control 

This  method  is  preferred  for  patients  with  acute 
hemodynamic  collapse,  acute  severe  symptom¬ 
atic  AF  with  controlled  rates,  and  patients  in 


Table  16.2  HAS-BLED  score  [7] 


Letter 

Clinical  characteristic 

Points 

awarded 

H 

Hypertension 

1 

A 

Abnormal  renal  and  liver 
function  (1  point  each) 

1  or  2 

S 

Stroke 

1 

B 

Bleeding 

1 

L 

Labile  INRs 

1 

E 

Elderly 

1 

D 

Drugs  or  alcohol  (1  point  each) 

1  or  2 

whom  AF  worsens  their  symptoms  from  heart 
failure.  The  options  for  rhythm  control  include 
antiarrhythmic  medications,  direct  current  car¬ 
dioversion  (DCCV),  and/or  catheter  ablation. 
DCCV  should  be  considered  in  patients  who  are 
displaying  evidence  of  cardiogenic  shock,  not 
solely  defined  as  low  blood  pressures,  but  with 
evidence  of  end  organ  hypoperfusion  possibly 
contributed  to  by  loss  of  atrial  contraction.  This 
can  be  particularly  important  in  preload  depen¬ 
dant  states  such  as  severe  aortic  stenosis  and 
hypertrophic  obstructive  cardiomyopathy. 
Antiarrhythmic  medications  are  used  in  accor¬ 
dance  with  ACC/ AHA  guidelines  and  emphasize 
the  importance  of  structural  heart  disease  and 
coronary  artery  disease  in  the  selection  of  the  saf¬ 
est  and  most  effective  medication  (Fig.  16.4;  see 
ACCF/AHA  guidelines  http://content.onlinejacc. 
org/article . aspx ? articleid=  1854230)  [1]. 

Stroke  Prevention 

Anticoagulation  is  critical  in  patients  with 
AF.  Commonly  used  medications  include  intra¬ 
venous  unfractionated  heparin  or  subcutaneous 
low-molecular  weight  heparin.  Prior  to  undergo¬ 
ing  DCCV  or  chemical  cardioversion,  patients 
need  to  be  therapeutic  on  anticoagulation  and 
most  should  undergo  a  TEE,  assessing  for  the 
presence  of  left  atrial  appendage  thrombus,  if  a 
prolonged  period  of  anticoagulation  (>4  weeks) 
is  not  possible  prior  to  elective  cardioversion 
[10].  If  an  atrial  thrombus  is  present,  it  is 
recommended  to  maintain  therapeutic  anticoagu¬ 
lation  for  at  least  1  month,  after  which  a  repeat 
TEE  should  be  performed  to  assess  for  resolution 
of  the  thrombus  [11].  With  no  thrombus  present 
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Table  1 6.3  Common  dosage  of  intravenous  medications  for  rate  control  of  AF 


Intravenous  administration 

Usual  oral  maintenance  dose 

Beta  blockers 

Metoprolol  tartrate 

2.5-5. 0  mg  IV  bolus  over  2  min;  up  to  3  doses 

25-100  mg  BID 

Esmolol 

500  mcg/kg  IV  bolus  over  1  min,  then  50-300 
mcg/kg/min  IV 

N/A 

Nondihydropyridine  calcium 
channel  antagonists 

Verapamil 

0.075-0.15  mg/kg  IV  bolus  over  2  min;  may 
give  an  additional  10.0  mg  after  30  min  if  no 
response,  then  0.005  mg/kg/min  infusion 

180-480  mg  QD  (ER) 

Diltiazem 

0.25  mg/kg  IV  bolus  over  2  min,  then 

5-15  mg/h 

120-360  mg  QD  (ER) 

Others 

Digoxin 

0.25  mg  IV  with  repeat  dosing  to  a  maximum 
of  1 .5  mg  over  24  h 

0.125-0.25  mg  QD 

Amiodaronea 

300  mg  IV  over  1  h,  then  10-50  mg/h  over  24  h 

100-200  mg  QD 

aAmiodarone  should  not  be  used  when  cardioversion  is  contraindicated  such  as  in  patients  not  previously 
anticoagulated 


Fig.  16.4  ACCF/AHA  guidelines  for  selection  of  antiarrhythmic  drug  therapy  for  AF 


in  the  left  atrial  appendage,  DCCV  can  be  per¬ 
formed  safely  while  on  anticoagulation.  The 
highest  risk  of  embolic  phenomena  is  present 
within  the  first  month  after  DCCV,  so  diligence 
must  be  applied  to  anticoagulation  during  this 


period.  For  patients  who  acutely  develop  AF 
within  the  hospital  or  the  exact  time  of  onset  is 
known  via  symptomatology,  risk  benefit  ratio  lies 
in  favor  of  DCCV  without  TEE  guidance  if  done 
within  the  first  48  hours  [1]. 
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Other  Supraventricular  Tachycardias 
(SVT) 

Aside  from  AF,  other  non-sinus  supraventricular 
tachycardias  are  common  in  critically  ill  patients. 
Like  AF,  these  are  narrow  complex  tachycardias 
unless  there  is  aberrant  conduction.  These  are  typi¬ 
cally  divided  according  to  the  relationship  between 
the  R-wave  and  the  P-wave,  so  called  short-  or  long- 
RP  tachycardia.  See  Table  16.4  and  Fig.  16.5  for  the 
differential  of  short-  and  long-RP  tachycardia. 

Hemodynamically,  these  SVTs  can  have  simi¬ 
lar  features  to  AF.  In  the  setting  of  hemodynamic 
instability  and  hypotension,  DCCV  is  an  appro¬ 
priate  first  response.  Diagnosis  and  acute  man¬ 
agement  often  fall  under  the  same  action,  as 
many  SVTs  rely  on  the  AV  node  for  completing 
their  circuit.  Breaking  that  circuit,  either  with  a 
vagal  maneuver  or  administration  of  intravenous 
adenosine,  can  both  reveal  and  abolish  the  re¬ 
entrant  rhythm  (Fig.  16.6). 

To  identify  the  rhythm,  it  is  recommended  to 
have  a  12  lead  rhythm  strip  recording  while 
administering  adenosine,  so  as  to  capture  the  ter¬ 
mination  of  the  rhythm  and  possibly  to  reveal 
underlying  re-entrant  rhythm  by  unveiling  flutter 
waves  (Table  16.5). 

Certain  rhythms,  such  as  atrial  flutter,  can  benefit 
from  a  standard  catheter  ablation,  otherwise,  treat¬ 
ment  with  beta-blockers  is  recommended  for  short 
and  long  term  management.  If  these  do  not  maintain 
sinus  rhythm,  catheter  ablation  may  be  attempted. 

Evidence  Contour 

Despite  the  prevalence  of  AF  (>9  %  of  Medicare 
patients  in  2010)  management  still  is  quite  chal¬ 
lenging  [12].  Certain  populations  of  patients 
present  challenges  in  dealing  with  this  disease. 

High  Bleeding  Risk  in  Post-operative 
Cardiac  Surgery  Patients 

Some  studies  have  demonstrated  a  near  25  %  risk 
for  the  development  of  post-operative  AF  in 
patients  undergoing  cardiothoracic  surgery  [13]. 
The  development  of  AF  increases  hospital  length 


Table  1 6.4  Differential  of  short-  and  long-RP  tachycardias 


Short  RP  tachycardias 

Long  RP  tachycardias 

Typical  AV  nodal  reentrant 
tachycardia 

Atrial  tachycardia 

AV  reentrant  tachycardia  using 
accessory  pathway 

Sinus  tachycardia 

Atrial  tachycardia  with  first 
degree  AV  block 

Atrial  flutter 

Junctional  tachycardia 

AV  reentrant 
tachycardia 

of  stay  and  morbidity  [14].  Strategies  here  often 
focus  on  rhythm  control,  most  often  achieved 
with  the  antiarrhythmic  amiodarone  [15]. 
Anticoagulation  with  heparin  products  may  pose 
a  prohibitive  risk  for  bleeding,  so  discussion  with 
the  surgical  team  is  recommended  prior  to  initia¬ 
tion  of  anticoagulation  in  these  patients. 

Concurrent  Inotropic  Support 

The  onset  of  AF  can  complicate  management  of 
patients  with  cardiogenic  shock  on  intravenous 
inotropic  support.  In  these  patients,  rhythm  con¬ 
trol  is  not  always  possible  as  the  adrenergic  stim¬ 
ulus  from  the  inotropic  infusions  is  significantly 
arrhythmogenic.  Rapid  ventricular  rates  are 
frequently  encountered,  and  rate  control  is  both  a 
challenge  and  there  are  no  clinical  studies  to 
serve  as  a  guide  to  therapy.  Amiodarone  and 
digoxin  can  be  used  in  these  cases,  mainly  for 
their  rate  control  effects.  Care  must  be  exercised 
with  digoxin  in  elderly  patients,  along  with  those 
impaired  kidney  function.  Amiodarone  should  be 
used  with  caution  in  patients  with  underlying 
lung,  liver,  or  thyroid  disease. 

Rhythm  Control  in  HFrEF 

In  a  subset  of  the  AFFIRM  trial,  rhythm  control 
was  preferred  in  patients  with  HFrEF  [16].  In 
patients  with  HFrEF  and  cardiac  resynchroniza¬ 
tion  therapy  devices,  rhythm  control  has  a  lower 
mortality  [17].  For  these  reasons,  it  is  recom¬ 
mended  to  try  a  rhythm  control  strategy  for 
patients  with  HFrEF  who  are  still  symptomatic 
with  rate  controlled  AF  [1]. 
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Fig.  1 6.5  (a)  Short  RP 
tachycardia,  (b)  Long  RP 
tachycardia  (Courtesy: 
Icyberrounds.com) 
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Fig.  16.6  Termination  of  SVT  with  adenosine  (Courtesy:  emedu.org) 


Table  1 6.5  Effect  of  adenosine  on  short  RP  and  long  RP  tachycardias 


Short  RP  tachycardias 

Effect  of  adenosine 

Long  RP  tachycardias 

Effect  of  adenosine 

Typical  AV  nodal  reentrant 
tachycardia 

Terminates 

Atrial  tachycardia 

Creates  AV-block  revealing 
underlying  atrial  tachycardia  and 
slowing  the  ventricular  rate 

AV  reentrant  tachycardia 
using  accessory  pathway 

Terminates 

Sinus  tachycardia 

Creates  AV-block  revealing 
underlying  atrial  rhythm  and 
slowing  the  ventricular  rate 

Atrial  tachycardia  with 
first  degree  AV  block 

Creates  AV-block 
revealing  underlying 
atrial  tachycardia  and 
slowing  the 
ventricular  rate 

Atrial  flutter 

Creates  AV-block  revealing 
underlying  atrial  flutter  and  slowing 
the  ventricular  rate 

Junctional  tachycardia 

Terminates 

AV  reentrant 
tachycardia 

Terminates 
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Case  Presentation 

A  7 1  year  old  male  with  a  history  of  hyperten¬ 
sion,  hyperlipidemia,  and  coronary  artery  dis¬ 
ease,  with  coronary  artery  bypass  grafting  15 
years  earlier,  presented  with  repeated  episodes  of 
lightheadedness  over  the  course  of  several  hours. 
In  the  emergency  department  he  was  found  to  be 
in  monomorphic  VT  at  a  rate  of  206  beats  per 
minute  (Fig.  17.1).  He  was  urgently  cardioverted 
to  normal  sinus  rhythm  and  administered  a 
150  mg  bolus  of  intravenous  amiodarone  fol¬ 
lowed  by  a  continuous  infusion.  A  12-lead  elec¬ 
trocardiogram  revealed  non-specific  T-wave 
abnormalities.  Subsequently,  he  had  intermittent 
episodes  of  third  degree  atrioventricular  block 
with  a  ventricular  escape  rhythm  at  50  beats  per 
minute.  Initial  laboratory  investigation  was  sig¬ 
nificant  for  potassium  of  3.9  mEq/L,  magnesium 
of  1.8  mg/dL,  white  blood  cell  count  of  22.6  K, 
and  cardiac  troponin  I  of  0.13  ng/mL.  He  was 
transferred  to  the  cardiac  intensive  care  unit 
where  he  continued  to  have  frequent  episodes  of 
monomorphic  VT. 
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Question  What  approach  should  be  taken  in 
management  of  multiple  recurrences  of  ventricu¬ 
lar  arrhythmias  over  a  short  period  of  time,  i.e. 
VT  storm? 

Answer  Antiarrhythmic  medications  and  cor¬ 
rection  of  the  arrhythmia  trigger(s). 

The  patient  was  initially  treated  with  intra¬ 
venous  amiodarone  and  external  defibrillation 
for  episodes  of  VT.  A  temporary  transvenous 
pacemaker  was  inserted  to  prevent  bradycardia 
in  the  setting  of  intermittent  complete  atrioven¬ 
tricular  block.  Electrolytes  were  repleted. 
Intravenous  lidocaine  was  added  for  break¬ 
through  episodes  of  VT.  Benzodiazepines 
were  administered  to  ameliorate  anxiety. 
Echocardiography  showed  left  ventricular  sys¬ 
tolic  dysfunction,  with  an  estimated  ejection 
fraction  of  30%.  Right  heart  catheterization 
revealed  elevated  intracardiac  filling  pressures 
and  a  cardiac  index  of  1.9  L/min/m2.  An  endo¬ 
myocardial  biopsy  was  negative  for  signs  of 
inflammation  or  myocarditis.  Left  heart  cathe¬ 
terization  demonstrated  severe  native  three  ves¬ 
sel  disease  with  an  atretic  left  internal  mammary 
artery  (LIMA)  graft  to  the  left  anterior  descend¬ 
ing  (LAD)  coronary  artery,  and  patent  vein 
grafts  to  obtuse  marginal  (OM2),  diagonal 
branch  (Dl),  and  right  coronary  artery  (RCA). 
A  drug  eluting  stent  was  placed  in  mid 
LAD.  There  was  no  significant  elevation  in 
serum  troponin  levels.  No  further  episodes  of 
VT  were  observed,  even  after  discontinuation 
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Fig.  1 7.1  Monomorphic  ventricular  tachycardia 


of  lidocaine.  The  patient  received  an  implant¬ 
able  cardioverter  defibrillator  (ICD)  and  was 
discharged  home  on  a  long-acting  beta  blocker. 

Three  weeks  later  the  patient  presented  with 
pre- syncope  and  palpitations.  ICD  interrogation 
revealed  multiple  episodes  of  VT  resulting  in 
defibrillator  shocks.  Intravenous  amiodarone 
was  initiated,  but  VT  continued  to  recur.  An 
intra-aortic  balloon  pump  was  placed  with  sub¬ 
sequent  resolution  of  the  VT.  He  then  underwent 
electro- anatomic  mapping  followed  by  radiofre¬ 
quency  catheter  ablation,  after  which  he  had  no 
further  VT. 

Principles  of  Management 
Diagnosis 

Ventricular  arrhythmias  include  a  broad  spec¬ 
trum  of  rhythm  disorders,  which  may  have  no 
clinical  consequence  or  may  result  in  sudden 
cardiac  death.  Patients  at  high  risk  for  ventricu¬ 
lar  arrhythmias  are  those  with  ischemic  heart 
disease,  myocarditis,  underlying  structural 
heart  disease,  inherited  or  acquired  channelopa- 
thies,  drug  intoxication,  electrolyte  derange¬ 
ment,  and  hyperthyroidism  (Table  17.1). 
However,  ventricular  arrhythmias  may  occur  in 
the  absence  of  any  of  these  predisposing  fac¬ 
tors.  The  diagnosis  of  ventricular  arrhythmias 
may  be  suggested  by  the  clinical  presentation, 
but  confirmation  requires  electrocardiographic 
recording. 


Classification  of  VT 

Ventricular  arrhythmias  are  subdivided  into 
non-sustained  (premature  ventricular  contrac¬ 
tions  and  non-sustained  VT)  and  sustained 
(defined  as  VT  lasting  for  more  than  30  s  or 
VF).  VT  may  be  monomorphic  or  polymorphic, 
with  torsades  de  pointes  representing  a  specific 
form  of  polymorphic  VT  occurring  in  the  set¬ 
ting  of  a  prolonged  QT  interval.  Electrical 
storm  is  defined  as  3  or  more  episodes  of  sus¬ 
tained  VT,  VF,  or  appropriate  ICD  therapies 
during  a  24-h  period.  This  condition  has  vari¬ 
ably  been  referred  to  as  “VT  storm”  or  “VT 
cluster”.  An  important  subgroup  of  electrical 
storm  is  incessant  VT,  which  refers  to  repeated 
recurrence  within  5  min  of  a  technically  suc¬ 
cessful  therapy.  Management  of  sustained  ven¬ 
tricular  arrhythmias  is  essential  aspect  of 
critical  care  medicine. 

Monitoring  and  Testing 

Patients  presenting  with  a  suspicion  of  ventricular 
arrhythmias  should  undergo  continuous  electrocar¬ 
diographic  monitoring  in  a  setting  in  which  appro¬ 
priate  care  can  be  rapidly  deployed.  A  12-lead 
ECG  should  be  obtained  at  baseline  and  assessed 
for  evidence  of  ischemia,  underlying  structural 
heart  disease,  and  the  various  channelopathies, 
such  as  long  QT  syndrome  or  Brugada  syndrome 
(Fig.  17.2).  Every  attempt  should  be  made  to  obtain 
a  12-lead  ECG  during  the  occurrence  of  a  ventricu¬ 
lar  arrhythmia.  Confirmation  of  the  presence  of  a 
ventricular  arrhythmia  may  require  prolonged 
electrocardiographic  monitoring  (inpatient  or 
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Table  1 7.1  Approach  to  common  etiologies  of  ventricular  arrhythmias 


Etiology 

History 

Evaluation 

Treatment 

Myocardial  ischemia 

Chest  pain,  dyspnea 

ECG,  echocardiography, 
stress  testing,  coronary 
angiography 

Coronary  revascularization, 
beta  blockers,  intra- aortic 
balloon  pump,  ablation 

Channelopathies 

Syncope,  family 
history  of  sudden 
death 

ECG,  exercise  testing, 
provocative  pharmacological 
testing 

Removal  of  QT-prolonging 
drugs,  intravenous 
magnesium,  potassium 
replacement,  temporary 
pacing,  sympathectomy,  ICD 

Myocarditis 

Flu-like  symptoms, 
chest  pain 

ECG,  echocardiography, 
cardiac  MRI, 
endomyocardial  biopsy 

Amiodarone,  beta  blockers, 
ICD,  steroids  in  selected 
cases  where  indicated  for 
subtypes  of  myocarditis 

Electrolyte  imbalance 

Renal  failure, 
dehydration 

Serum  electrolytes,  ECG 

Correction  of  electrolytes 

Cardiomyopathy 

Symptoms  of  heart 
failure 

Echocardiography,  coronary 
angiography,  cardiac  MRI 

Amiodarone,  beta  blockers, 

ICD 

Sarcoidosis 

Lung  involvement 

Cardiac  MRI,  biopsy 

Steroid  therapy, 
immunomodulating  agents, 

ICD 

Arrhythmogenic  right 

ventricular 

cardiomyopathy 

Palpitations, 
syncope,  dyspnea, 
family  history 

ECG,  cardiac  MRI,  genetic 
testing 

Beta  blockers,  ICD, 
amiodarone 

Drug  intoxication 

Drug  abuse,  use  of 

QT  prolonging 
medications  or 
digoxin 

ECG,  serum  drug  levels 

Stop  offending  agent 

Hyperthyroidism 

Anxiety, 

palpitations,  heat 
intolerance 

Thyroid  hormone  studies 

Beta  blockers, 

glucocorticoids,  anti-thyroid 
medications 
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Fig.  1 7.2  Electrocardiographic  tracings  in  Brugada  syndrome,  (a)  Type  1;  “coved  type”  ST-T  segment  configuration, 
(b)  Type  2;  “saddle  back”  pattern 
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Fig.  1 7.3  (a)  Monomorphic  ventricular  tachycardia. 
Atrioventricular  dissociation  can  be  seen,  (b)  Ventricular 
tachycardia  with  fusion  beat  (hybrid  complex  of  supra¬ 
ventricular  and  ventricular  activation)  followed  by  a  cap¬ 


ture  beat,  (c)  Supraventricular  tachycardia  with  aberrancy. 
Atrioventricular  dissociation  and  fusion  beats  are  absent. 
RS  complexes  in  precordial  leads  are  evident 


outpatient)  (Fig.  17.3),  or  invasive  electrophys- 
iologic  testing.  Once  the  diagnosis  of  a  ven¬ 
tricular  arrhythmia  has  been  confirmed,  further 
studies  should  be  obtained  as  clinically  indi¬ 
cated  in  order  to  elucidate  the  underlying 
cause.  These  may  include:  serum  electrolyte 
testing,  thyroid  studies,  screening  for  drugs  of 
abuse,  echocardiography,  cardiac  magnetic 
resonance  imaging,  coronary  angiography, 
endomyocardial  biopsy,  exercise  electrocardi¬ 
ography,  and  provocative  pharmacological 
testing.  A  family  medical  history  should  be 
assessed  for  sudden  death  or  known  cardiomy¬ 
opathies.  Myocardial  ischemia  should  be  con¬ 
sidered  in  all  cases  of  polymorphic  VT  and 
ventricular  fibrillation  with  coronary  angiogra¬ 
phy  being  appropriate  early  in  the  evaluation  in 
most  cases. 


General  Measures 

Non-sustained  VT  (Fig.  17.4)  is  encountered 
very  commonly  in  the  intensive  care  unit  among 
patients  with  structural  heart  disease.  In  general, 
no  specific  therapy  is  required  for  asymptomatic 
patients  other  than  electrolyte  repletion  and 
treatment  of  the  underlying  condition.  For  fre¬ 
quent  or  symptomatic  non-sustained  VT,  how¬ 
ever,  treatment  with  beta  blockers  should  be 
considered.  Patients  who  are  not  otherwise  can¬ 
didates  for  an  ICD  for  primary  prevention  of 
sudden  death,  for  example,  those  with  non-sus¬ 
tained  VT,  a  history  of  MI,  and  moderate  left 
ventricular  systolic  dysfunction  (EF  >35  to 
40%),  may  be  considered  for  electrophysiology 
study  (EPS)  when  stable  in  order  to  determine  if 
an  ICD  is  indicated. 
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In  patients  with  sustained  ventricular 
arrhythmias,  it  is  essential  that  diagnostics  and 
treatments  be  implemented  simultaneously 
(Fig.  17.5).  For  patients  with  cardiac  arrest 
from  pulseless  VT  or  VF,  guideline-directed 
ACLS  -  including  rapid  defibrillation  -  should 
be  implemented  immediately.  When  an  ICD  is 
present,  device  interrogation  and,  if  necessary, 
reprogramming  should  be  performed  by  a  qual¬ 
ified  practitioner  to  ensure  the  delivery  of 
appropriate  therapy  and  to  avoid  shocks  for 
non-life-threatening  arrhythmias  [1].  Triggers 
of  ventricular  arrhythmias  such  as  ischemia, 
electrolyte  imbalances,  decompensated  heart 
failure,  bradycardia,  drug  intoxication,  and 
hyperthyroidism,  should  be  identified  and 
treated.  Heart  failure  is  an  under-recognized 
trigger  for  new  or  a  significant  change  in  pat¬ 
tern  of  ventricular  arrhythmias  in  patients  with 
structural  heart  disease.  In  patients  with  VT 
storm  requiring  multiple  shocks,  pain  control 
and  sedation  with  narcotics  and/or  benzodiaze¬ 
pines  should  be  provided  to  aid  in  reducing 
sympathetic  tone.  In  patients  with  VT  that  is 
refractory  to  these  measures,  it  is  often  benefi¬ 
cial  to  intubate  and  deeply  sedate  such  patients 
to  further  suppress  sympathetic  activation  from 
pain  and  anxiety. 

A  multi-disciplinary  approach  is  appropriate 
for  most  patients  with  sustained  ventricular 
arrhythmias  requiring  intensive  care.  The  critical 
care  specialist  should  work  closely  with  the  elec¬ 
trophysiology  team,  and  also  consider  consulta¬ 
tion  with  interventional  cardiologists  and/or 
specialists  in  advanced  heart  failure  as  dictated 
by  the  specific  needs  of  the  patient. 


Beta  Blockers 

Beta  blockers  should  be  used  in  the  initial  phase 
of  treatment  for  most  patients  with  ventricular 
arrhythmias  [2].  These  drugs  play  an  important 
role  in  reducing  ischemia,  decreasing  sympa¬ 
thetic  tone,  and  increasing  the  fibrillation  thresh¬ 
old.  Nonrandomized  data  suggests  that 
intravenous  propranolol  may  be  the  beta  blocker 
of  choice  in  this  setting.  However,  short-acting 
metoprolol  is  a  reasonable  alternative  that  is  used 
commonly  in  clinical  practice.  In  patients  with 
relative  hypotension,  esmolol  is  preferred  due  to 
its  very  short  half-life  [3].  The  beta  blocker  dose 
should  be  titrated  to  maintain  a  heart  rate  of 
45-60  beats  per  minute.  Insufficient  advance¬ 
ment  of  beta  blocking  agents  is  a  common  error 
in  the  management  of  patients  with  symptomatic 
VT.  Nevertheless,  beta  blocker  therapy  may  be 
limited  by  bradycardia,  hypotension,  heart  block, 
and  bronchospasm. 

Amiodarone 

Intravenous  amiodarone  blocks  fast  sodium 
channels  and  L-type  calcium  channels,  and  inhib¬ 
its  norepinephrine  release.  Amiodarone  is  highly 
effective,  and  has  been  proven  to  be  superior  to 
other  antiarrhythmic  agents  in  suppressing  ven¬ 
tricular  arrhythmias  [4-6].  Amiodarone  is  given 
as  150  mg  bolus  over  10  min  (300  mg  IV  push  for 
cardiac  arrest)  followed  by  a  continuous  infusion, 
with  supplemental  boluses  given  as  needed  for 
arrhythmia  recurrence.  Because  of  its  potential  to 
cause  severe  phlebitis,  intravenous  amiodarone 
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Fig.  1 7.5  Algorithm  for  assessment  and 
management  of  sustained  ventricular 
arrhythmias.  VT  ventricular  tachycardia,  VF 
ventricular  fibrillation,  ACLS  advanced 
cardiac  life  support,  CICU  cardiac  intensive 
care  unit,  EP  electrophysiology,  I  CD 
implantable  cardioverter  defibrillator,  IABP 
intra-aortic  balloon  pump,  ECMO 
extracorporeal  membrane  oxygenation 


Sustained  Ventricular  Arrhythmia  (VT,  VF,  ICD  shocks) 

i 


ACLS  if  pulseless 
CICU  admission 


|  < - EP  consult 

Sedatives,  analgesics 
Consider  intubation 

i 

ICD  present? 


Yes 

I 

Interrogate  device 
Confirm  shocks  appropriate 
Reprogram  as  indicated 


No 

1 

Assess  for  triggers  (Refer  to  Table  1) 

- ►  Beta  blockers 

Amiodarone 

1 

Ischemia  present? 


f 


Yes 

I 

Lidocaine 

IABP 

Revascularization 


1 

No 


f 


T 


Incessant 

1 

ECMO 


Treatment  Successful 

1 

Consider  ICD 


A 

Recurrent  despite  drugs 
VT  ablation 

Sympathetic  denervation 
Ethanol  ablation 


should  be  administered  via  central  venous  access 
whenever  possible.  During  short-term  use,  amio¬ 
darone  has  few  side  effects  but  can  occasionally 
cause  hypotension.  Although  amiodarone  can 
increase  the  QTc  interval,  precipitation  of  tors¬ 
ades  de pointes  occurs  rarely  (<1.0%)  [7]. 

Lidocaine 

Lidocaine  blocks  fast  sodium  channels  in  a  use- 
dependent  fashion  and  does  not  prolong  the  QT  inter¬ 
val.  It  is  effective  in  suppressing  ventricular 
arrhythmias  occurring  in  the  setting  of  acute  ischemia, 
but  otherwise  lidocaine  has  weak  antiarrhythmic 
properties  [5].  In  patients  resuscitated  from  VF, 


administration  of  lidocaine  was  associated  with 
reduced  survival  compared  to  amiodarone  [8].  In 
the  absence  of  acute  ischemia,  lidocaine  use 
should  be  considered  if  sustained  ventricular 
arrhythmias  are  refractory  to  beta  blockers  and 
amiodarone.  Lidocaine  is  administered  as  a  bolus 
dose  of  0.5-0.75  mg/kg  every  5-10  min  (maxi¬ 
mum  300  mg  total)  until  the  arrhythmia  is  sup¬ 
pressed,  followed  by  an  infusion  at  1-4  mg/min. 
A  second  bolus  of  lidocaine  0.5  mg/kg  after 
20-40  min  should  be  considered  because  of  sig¬ 
nificant  redistribution  of  the  drug.  Notable  side 
effects  include  bradycardia  and  central  nervous 
system  toxicity.  Lidocaine  is  metabolized  in  the 
liver  and  excreted  in  the  urine.  Lidocaine  should 
be  administered  with  caution  and  the  mainte- 
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nance  dose  adjusted  downward  in  patients  with 
liver  disease  or  decompensated  heart  failure. 
Daily  serum  lidocaine  levels  should  be  monitored 
(therapeutic  range:  1.5-5  mcg/mL)  and  the  dose 
adjusted  accordingly. 

Digoxin  Immune  Fab 


play  an  essential  role  in  suppressing  sympathetic 
activity  and  should  be  used  in  addition  to  amiod- 
arone  to  maintain  rhythm  stability.  Other  than  in 
the  setting  of  acute  ischemia,  intravenous  lido¬ 
caine  is  only  modestly  effective  in  terminating 
ventricular  arrhythmias  but  may  be  a  useful 
adjunct  when  amiodarone  and  beta  blockade 
have  been  unsuccessful. 


In  patients  with  sustained  ventricular  arrhythmias 
due  to  digoxin  toxicity,  anti- arrhythmic  drugs  are 
not  effective.  Digoxin  specific  Fab  antibody 
should  be  administered,  and  temporary  pacing 
should  be  instituted  in  the  presence  of  advanced 
AV  block.  Common  arrhythmias  due  to  digoxin 
toxicity  are: 

•  Atrioventricular  block 

•  Ectopic  atrial  tachycardia 

•  Junctional  rhythm 

•  Ventricular  premature  beats 

•  Ventricular  tachycardia 

•  Ventricular  fibrillation 

•  Sinus  bradycardia 

•  Sinoatrial  block 


Evidence  Contour 


Mechanical  Circulatory 
Support  -  IABP 

Placement  of  an  IABP  may  be  useful  in  the 
short-term  management  of  patients  with  refrac¬ 
tory  ventricular  arrhythmias,  particularly  in  the 
setting  of  acute  ischemia  and/or  decompensated 
heart  failure,  when  initial  pharmacotherapy  and 
reversal  of  identified  triggers  have  been  unsuc¬ 
cessful.  The  IABP  is  placed  percutaneously,  and 
may  be  implanted  at  the  bedside  in  unstable 
patients.  IABPs  increase  coronary  perfusion, 
relieve  ischemia,  and  unload  the  left  ventricle, 
potentially  serving  as  a  bridge  until  a  more 
definitive  treatment  may  be  implemented.  The 
effectiveness  of  the  IABP  in  refractory  ventricu¬ 
lar  arrhythmias  has  been  demonstrated  in  sev¬ 
eral  case  series  [9].  Adverse  effects  are 
uncommon,  but  include  bleeding,  infection,  and 
limb  ischemia. 


There  are  very  few  randomized  trials  addressing 
the  acute  management  of  ventricular  arrhyth¬ 
mias.  Therefore,  much  of  the  treatment  is  based 
on  expert  opinion  and  experience.  In  particular, 
the  treatment  of  ventricular  arrhythmias  which 
are  refractory  to  the  standard  treatments  outlined 
above  remains  an  area  of  great  uncertainty. 

Anti-arrhythmic  Drug  Therapy 

There  are  limited  randomized  data  to  guide  anti- 
arrhythmic  drug  therapy  of  VT.  Intravenous  ami¬ 
odarone  is  widely  used  as  the  initial 
anti-arrhythmic  agent  due  to  its  high  efficacy  and 
excellent  short-term  safety  profile.  Beta  blockers 


Advanced  Mechanical  Circulatory 
Support  -  ECMO 

In  rare  cases,  when  VT  is  incessant  and  hemody- 
namically  significant,  complete  mechanical  circu¬ 
latory  support  may  become  necessary. 
Veno-arterial  extracorporeal  membrane  oxygen¬ 
ation  (V-A  ECMO)  involves  using  a  centrifugal 
pump  to  remove  blood  from  the  venous  system, 
circulate  it  through  an  oxygenator,  and  return 
oxygenated  blood  to  the  arterial  circulation. 
ECMO  can  be  instituted  either  percutaneously  or 
surgically.  In  case  series,  ECMO  has  shown  to 
facilitate  termination  of  ventricular  arrhythmias 
when  other  treatments  had  been  exhausted  [10]. 
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In  addition,  ECMO  supports  the  coronary  circula¬ 
tion,  relieves  hypoxia,  preserves  vital  organ  perfu¬ 
sion,  and  allows  time  to  proceed  to  other  definitive 
treatments.  Complications  are  fairly  common, 
particularly  bleeding  and  limb  ischemia. 

Radiofrequency  Catheter  Ablation 

Catheter  ablation  alters  the  substrate  for  reentry, 
and  may  be  useful  in  critically  ill  patients  with 
ventricular  arrhythmias  in  whom  other  modali¬ 
ties  have  been  unsuccessful.  This  technique, 
including  endocardial  and/or  epicardial  ablation, 
can  be  technically  challenging,  particularly  in  the 
setting  of  multiple  reentry  circuits  or  unstable 
ventricular  arrhythmias.  Mechanical  circulatory 
support  is  often  useful  to  allow  for  proper  map¬ 
ping  when  the  VT  is  poorly  tolerated.  Catheter 
ablation  has  been  demonstrated  to  be  efficacious 
in  treating  refractory  electrical  storm,  with  a  reduc¬ 
tion  in  recurrent  VT  and  cardiac  death  [11,  12]. 
Vascular  injury,  thromboembolism,  and  cardiac 
tamponade  are  potential  complications. 

Transcoronary  Ethanol  Ablation 

In  patients  with  recurrent  VT  despite  drug  ther¬ 
apy  and  catheter  ablation,  transcoronary  ethanol 
ablation  may  be  used  to  treat  VT  of  deep  intra- 
myocardial  origin.  The  technique  involves  the 
infusion  of  ethanol  -  which  is  toxic  to  the  myo¬ 
cardium  -  into  the  coronary  artery  branch  sup¬ 
plying  the  reentry  circuit  [13].  Transcoronary 
ethanol  ablation  has  been  shown  to  prevent  the 
recurrence  of  VT  in  a  small  group  of  highly 
selected  patients  after  failed  radiofrequency  abla¬ 
tion  [14].  Complications  include  myocardial 
injury,  heart  block,  and  ventricular  rupture. 

Cardiac  Sympathetic  Denervation 

Limited  data  suggests  that  surgical  sympathec¬ 
tomy  may  be  of  benefit  in  cases  of  refractory  ven¬ 
tricular  arrhythmias  and  VT  storm.  In  a  recently 
published  case  series  involving  41  patients  who 


had  previously  failed  anti-arrhythmic  drug  ther¬ 
apy  and  VT  ablation,  bilateral  surgical  cardiac 
sympathetic  denervation  resulted  in  a  clinically 
significant  reduction  in  the  number  of  ICD  shocks 
in  90  %  of  patients  and  a  shock- free  survival  rate 
of  50%  at  1  year  [15]. 
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Case  Presentation 

A  42-year-old  man  with  a  history  of  hypertension 
presented  to  the  Emergency  Department  (ED) 
with  complaints  of  severe  chest  and  back  pain. 
He  reported  the  pain  started  shortly  after  lifting 
his  wife  in  a  bear  hug  while  celebrating 
Valentine’s  Day.  He  had  no  relief  of  his  symp¬ 
toms  with  acetaminophen  or  ibuprofen,  so  his 
wife  called  emergency  medical  services.  On 
arrival  to  the  ED,  he  was  noted  to  be  hypertensive 
(172/101  mmHg),  diaphoretic,  and  complaining 
of  severe,  sharp  chest  pain  radiating  to  his  back. 
He  had  nausea  and  progressively  worsening 
shortness  of  breath.  His  blood  work  was  unre¬ 
markable,  including  cardiac  troponin.  ECG 
showed  mild  non-specific  ST  segment  abnormal¬ 
ities.  Initial  chest  roentogram  (CXR)  was  signifi¬ 
cant  for  pulmonary  edema  and  a  widened 
mediastinum  (Fig.  18.1).  CTA  of  the  chest  was 
done  and  shown  in  Fig.  18.2. 


Electronic  supplementary  material  The  online  version  of 
this  chapter  (doi:10.1007/978-3-319-43341-7_18)  contains 
supplementary  material,  which  is  available  to  authorized 
users. 
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Question  What  is  the  initial  approach  to  the 
management  of  a  patient  with  acute  aortic 
dissection? 

Answer  Blood  pressure  control,  evaluation  for 
involvement  of  the  aortic  root,  or  end-organ 
malperfusion. 

Acute  aortic  dissection,  regardless  of  the  loca¬ 
tion,  requires  strict  blood  pressure  control  and 
admission  to  an  intensive  care  unit  (ICU). 
Ascending  aortic  dissections  are  a  surgical 
emergency  and  need  immediate  evaluation  by 


Fig.  18.1  Initial  chest  x-ray  with  evidence  of  pulmonary 
edema  and  widened  mediastinum 
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Fig.  18.2  CTA  chest  showing  the  dissection  flap  (black 
arrow)  at  the  level  of  the  descending  aorta 


Concurrent  to  the  patient’s  blood  pressure 
control,  a  STAT  CTA  chest  was  obtained  upon 
the  patient’s  arrival,  and  was  read  as  a  dissection 
of  the  aortic  arch  starting  at  the  innominate  artery 
(brachiocephalic  trunk)  and  extending  to  the 
descending  aorta.  Cardiothoracic  Surgery  and 
Vascular  Surgery  evaluated  the  patient  and  opted 
to  medically  manage  him  as  the  ascending  aorta 
was  not  involved.  Twelve  hours  later,  a  transtho¬ 
racic  echocardiogram  (TTE)  was  performed  and 
was  concerning  for  aortic  valve  involvement.  A 
transesophageal  echocardiogram  (TEE)  was 
immediately  performed  which  confirmed  ascend¬ 
ing  aortic  dissection  with  aortic  insufficiency 
without  pericardial  tamponade  (Figs.  18.3,  18.4, 
and  18.5,  Video  18.1  and  18.2). 


cardiothoracic  surgeons  with  emergent  repair.  All 
other  dissections  are  usually  managed  with  strict 
blood  pressure  control  and  urgent  Cardiothoracic 
and  Vascular  Surgery  consultations,  unless  there 
is  evidence  of  end-organ  hypoperfusion  [1-3]. 

As  pain  can  contribute  to  elevated  blood  pres¬ 
sures,  the  patient  was  given  4  mg  Morphine  IV 
with  a  modest  improvement  in  his  pain.  However, 
he  continued  to  have  significant  anxiety,  shortness 
of  breath  and  diaphoresis.  After  a  discussion  with 
the  patient  and  his  family,  he  was  orotracheally 
intubated.  An  arterial  fine  was  placed  into  his 
right  radial  artery  and  his  pressures  were  noted  to 
be  170/100  s  mmHg.  Bilateral  upper  extremity 
cuff  pressures  correlated  with  pressures  obtained 
from  his  arterial  line.  He  was  started  on  an  esmolol 
drip  at  10  mcg/kg/minute.  This  agent  was  quickly 
titrated  up  to  150  mcg/kg/minute  (maximum  infu¬ 
sion  rate  of  300  mcg/kg/minute)  in  order  to  obtain 
a  goal  heart  rate  <60  beats  per  minute  (bpm)  and 
a  systolic  blood  pressure  <120  mmHg.  Despite 
high  doses  of  esmolol  with  a  heart  rate  <60  bpm, 
the  patient’s  blood  pressure  remained  uncon¬ 
trolled  so  a  nitroprusside  infusion  was  started  at 
0.25  mcg/kg/minute  and  increased  up  to  0.35 
mcg/kg/minute  (maximum  dose  2  mcg/kg/min¬ 
ute).  Blood  pressures  remained  poorly  controlled 
with  the  two  agents  and  so  a  third  agent,  labetalol 
was  added  at  1  mg/minute  and  increased  up  to 
6  mg/minute.  The  initiation  of  labetalol  improved 
his  BP  and  the  esmolol  drip  was  weaned  off. 


Principles  of  Management 
Definition 

Acute  aortic  syndromes  comprise  a  spectrum  of 
disease  involving  the  aorta,  including  penetrating 
aortic  ulcers  (PAU),  intramural  hematomas 
(IMH),  and  aortic  dissection  [2,  4].  Intramural 
hematomas  develop  as  a  result  of  a  micro-tear 
within  the  vasa  vasorum  resulting  in  an  intrame- 
dial  hematoma  that  is  characterized  by  the  absence 
of  an  aortic  entry  or  exit  tear.  The  prevalence  of 
IMH  in  patients  found  to  have  aortic  dissections 
ranges  from  4  to  22%.  The  IMH  may  evolve  to 
overt  dissection  or  even  rupture,  with  progression 
that  may  occur  suddenly  or  be  heralded  by  ongo¬ 
ing  acute  aortic  syndrome.  Fifty  to  80%  may 
resolve  completely  but  patients  may  also  progress 
to  dissection  or  develop  an  aneurysm  later  in  their 
disease  course.  Resolution  occurs  more  often  in 
younger  patients,  and  those  with  aortic  diame¬ 
ter  <4-4.5  cm,  hematoma  thickness  <1  cm,  and 
therapy  with  beta-blockers  [1,  2,  5,  6]. 

Penetrating  aortic  ulcers  represent  atheroscle¬ 
rotic  plaques  that  have  ulcerated  into  the  medial 
layer  of  the  aortic  wall.  The  high  pressure  pulsa¬ 
tile  flow  of  blood  through  the  aorta  can  cause  fur¬ 
ther  erosion  of  this  ulcerated  plaque  which,  in 
turn,  can  result  in  instability  of  the  aortic  wall  and 
can  lead  to  IMH,  dissection,  and  even  aortic 
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Fig.  1 8.3  Apical  5  cham¬ 
ber  view  demonstrating 
marked  dilatation  of  the 
proximal  ascending  aorta 
and  dissection  flap 
(arrow).  AoV  aortic  valve, 
LV  left  ventricle,  LA  left 
atrium  (Image  courtesy  of 
Priscilla  Peters,  BA, 
RDCS,  FASE) 
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Fig.  18.4  Apical  5  cham¬ 
ber  view  revealing  aortic 
regurgitation.  White  arrow 
points  to  the  dissection 
flap.  Red  asterisk  (*)  at 
area  of  aortic  regurgitation 
(Image  courtesy  of 
Priscilla  Peters,  BA, 
RDCS,  FASE) 
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rupture.  These  lesions  are  uncommon  in  the 
ascending  aorta  because  high  flow  is  protective 
against  atherosclerosis.  However,  if  present,  they 
usually  rupture  and  are  commonly  fatal.  Lesions 
in  the  ascending  aorta  can  initially  be  treated 
medically  with  close  observation.  PAUs  more 
commonly  arise  in  the  descending  thoracic  aorta 
[2,  4-6]. 

Anatomically,  the  ascending  aorta  is  the  sec¬ 
tion  proximal  to  the  brachiocephalic  trunk  and  the 


descending  aorta  is  distal  to  the  left  subclavian 
artery.  The  DeBakey  and  the  Stanford  classifica¬ 
tions  are  the  two  most  frequently  utilized  classifi¬ 
cation  systems.  The  DeBakey  classification 
system  divides  the  dissection  into  3  types.  Type  I 
involves  both  the  ascending  and  descending  aorta; 
Type  II  affects  the  ascending  aorta  only;  and  Type 
III  is  a  dissection  distal  to  the  left  subclavian 
artery.  The  Stanford  classification  simplifies  this 
further.  The  dissection  either  affects  the  ascending 
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Fig.  18.5  Off-axis 
transesophageal 
echocardiogram  revealing 
an  ascending  aortic 
dissection  with  a  dissection 
flap  (arrow) 
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aorta  (Type  A)  or  it  remains  distal  to  the  left 
subclavian  (Type  B)  [7].  Isolated  aortic  arch  dis¬ 
sections  do  not  fit  neatly  into  any  of  these  classifi¬ 
cation  types,  and  there  is  debate  as  to  whether 
they  should  be  grouped  with  Type  A  or  Type  B 
dissections.  Some  have  argued  that  the  natural 
history  approximates  more  closely  that  of  Type  B 
dissections  and  as  such,  isolated  arch  dissections 
do  not  require  emergent  surgical  intervention. 
Other  experts  disagree  [7,  8]  (Fig.  18.6). 

Risk  factors  for  acute  aortic  dissection  are  var¬ 
ied.  Hypertension  is  a  predominant  risk  factor  [9] 
but  other  factors  include  bicuspid  aortic  valve, 
cocaine  use,  Marfan  syndrome  (and  other  con¬ 
nective  tissue  disorders),  blunt  trauma,  preg¬ 
nancy,  weight  lifting  (Valsalva  maneuvers), 
previous  aortic  surgery,  and  large- vessel  vasculi¬ 
tis,  among  others  [1]. 

Diagnosis 

Chest  pain  is  a  ubiquitous  presenting  complaint. 
In  a  patient  with  hypertension  and  chest  pain 
radiating  to  the  back,  acute  aortic  syndrome  must 
be  considered  and  ruled  out.  While  angiography 
had  previously  been  the  gold  standard,  CTA  of 
the  chest  is  now  the  standard  of  care  to  diagnose 
aortic  dissection  given  its  widespread  availability 
and  ease  of  use.  MRI  may  also  be  used  to  aug¬ 
ment  findings  although  it  is  not  the  diagnostic 
study  of  choice  for  emergently  imaging  the  aorta 


due  to  lesser  availability  and  longer  duration  of 
image  acquisition.  TTE  and  TEE  are  other 
modalities  that  may  be  used  to  evaluate  the  aorta, 
particularly  in  a  hemodynamically  unstable 
patient  for  whom  transport  out  of  the  department 
would  be  unsafe  [2,  10,  11].  Although  the  quality 
of  echocardiograms  is  operator  dependent,  TTE 
generally  has  a  sensitivity  of  59-83  %  and  a  spec¬ 
ificity  of  63-93%  for  diagnosing  an  ascending 
aortic  dissection  [5].  TEE  has  a  sensitivity  of 
close  to  100  %  with  a  specificity  of  89  %  for  iden¬ 
tifying  an  ascending  aortic  dissection,  although  it 
can  be  as  low  as  31-55%  for  descending  aortic 
aneurysms  [6]. 

Medical  Management 

All  Type  B  dissections,  and  rarely  Type  A  dissec¬ 
tions,  are  initially  medically-managed  with  strict 
blood  pressure  control.  Although  no  randomized 
trials  have  been  conducted,  beta-blockers  have 
been  the  mainstay  of  treatment.  An  esmolol, 
labetalol,  or  propranolol  continuous  infusion  is 
initiated  in  order  to  reduce  shear  force  (dP/dt) 
exerted  on  the  aortic  wall.  Unless  hypotension  is 
present,  the  goal  systolic  blood  pressure  is 
100-120  mmHg  and  the  target  heart  rate  is  50-60 
beats  per  minute  [1,  3].  Esmolol  is  often  favored 
as  the  initial  agent  as  it  is  short-acting  and  can  be 
rapidly  weaned  off  if  the  patient  experiences 
severe  hypotension  or  bronchospasm  (patients 


18  Management  of  Acute  Aortic  Syndromes 


167 


Fig.  18.6  Different  types  of  aortic  dissection.  DeBakey 
classification :  (a)  DeBakey  Type  1.  (b)  DeBakey  Type  2. 
(c)  DeBakey  Type  3.  Stanford  classification :  (a,  b) 


Stanford  Type  A.  (c)  Stanford  type  B  (Image  courtesy  of 
J.  Heuser/Creative  Commons) 


with  severe  COPD  or  asthma).  If  blood  pressure 
is  still  poorly  controlled  with  intravenous  beta- 
antagonist  agents,  nitroprusside  may  be  added. 
Nitroprusside  should  never  be  started  as  the  ini¬ 
tial  agent  as  it  may  promote  reflex  tachycardia 
and  increase  dP/dt,  thus  propagating  the  dissec¬ 
tion  flap.  If  blood  pressures  are  still  poorly  con¬ 
trolled  or  if  beta-blocker  use  is  contraindicated, 
an  infusion  of  a  non-dihydropyridine  calcium- 
channel  blocker  may  be  used  [1]. 

Patients  with  PAU  and  IMH  are  treated  with 
blood  pressure  control  similar  to  that  used  in 


aortic  dissection.  Surgery  may  be  necessary  if 
there  is  refractory  chest  pain  or  extension.  Both 
conditions  should  be  recognized  as  part  of  the 
spectrum  of  acute  aortic  diseases  that  require 
close  monitoring  and  treatment.  They  require 
lifelong  anti-hypertensive  therapy  and  repeat  aor¬ 
tic  imaging  at  3,  6,  9  and  12  months  based  on  the 
size  of  the  aorta  [2,  5]. 

Upon  discharge,  beta-blocking  agents, 
calcium-channel  blockers,  or  angiotensin¬ 
converting  enzyme  inhibitors  should  be  pre¬ 
scribed  to  maintain  blood  pressure  control.  The 
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International  Registry  of  Acute  Aortic  Dissection 
(IRAD)  researchers  found  that,  in  general,  beta- 
blockers  were  associated  with  mortality  benefit 
in  Type  A  dissections  and  in  patients  that  were 
treated  surgically,  while  patients  with  medically- 
managed  Type  B  dissections  had  improved  sur¬ 
vival  if  discharged  home  with  calcium  channel 
blockers  [3]. 

Surgical  Intervention 

Dissections  involving  the  ascending  aorta  confer 
a  high  early  mortality  risk  [12].  Previous  studies 
reported  a  1  %  per  hour  mortality  risk  in  patients 
with  an  untreated  acute  Type  A  aortic  dissection 
[13].  Mortality  is  reduced  from  90  %  without  sur¬ 
gical  intervention  to  less  than  20  %  with  surgery 
[13,  14].  Type  B  dissections  are  initially  managed 
conservatively  with  strict  blood  pressure  control 
unless  there  is  evidence  of  malperfusion,  persis¬ 
tent  pain,  or  refractory  hypertension;  in  such 
cases,  emergent  vascular  surgery  consultation 
and  intervention  is  warranted.  Delayed  surgical 
intervention  via  endovascular  repair  is  preferred 
to  the  open  approach  [9,  15,  16]. 

Complications 

Aortic  rupture  and  complications  such  as  hypo¬ 
tension,  neurologic  deficits,  shock,  cardiac  tam¬ 
ponade,  pulse  deficits,  and  kidney  failure  confer 
an  even  higher  mortality  rate  [12].  Also,  visceral 
malperfusion  and  extremity  ischemia  may  occur. 

Evidence  Contour 

A  guideline-based  approach  to  the  management 
of  patients  with  aortic  dissection  is  provided  in 
Fig.  18.7.  However,  the  optimal  approaches  to 
diagnose  and  manage  aortic  dissection  are  still 
under  investigation.  Although  no  randomized 
control  trials  have  been  conducted  to  evaluate  the 
best  anti-hypertensive  medication(s)  to  treat 
acute  aortic  syndromes,  the  mainstay  of  treat¬ 
ment  is  to  start  with  an  agent  that  will  reduce 


shear  stress  and  decrease  heart  rate.  Other  aspects 
of  diagnosing  and  treating  dissections,  however, 
are  still  under  significant  debate. 

Diagnosis  of  Aortic  Dissection 

Various  biomarkers  have  been  evaluated  to  deter¬ 
mine  their  usefulness  in  ruling  out  aortic  dissec¬ 
tion.  Of  the  possible  biomarkers,  D-dimer  seems 
to  have  the  most  clinical  utility.  D-dimer  assays 
may  be  significantly  elevated  (greater  than 
1600  ng/mL)  in  the  first  6  h  [3,  4]  and  may  be 
used  to  assist  in  the  assessment  of  patients  with 
suspected  dissection.  A  low  D-dimer  level 
(<500  ng/mL)  may  offer  a  sufficiently  high  nega¬ 
tive  predictive  value  to  rule  out  aortic  dissection 
[17].  However,  professional  guidelines  do  not 
endorse  routine  use  of  d-dimer  for  this  purpose. 
Other  novel  biomarkers  are  currently  under 
investigation. 

Medical  Management  of  Type 
A  Dissection 

While  surgical  intervention  has  been  established 
as  the  standard  of  care  for  an  ascending  aortic 
dissection,  some  proponents  recommend  that  in 
patients  with  advanced  age,  coma,  acute  renal 
failure,  shock,  or  need  for  re-do  operation,  medi¬ 
cal  management  alone  may  be  warranted  as  the 
risk  of  surgery  is  prohibitive  [18,  19].  Other  con¬ 
siderations  for  medical  management  are  given  to 
patients  with  completed  stroke,  co-morbid  condi¬ 
tions  that  preclude  a  good  quality  of  life,  prior 
aortic  valve  replacement,  and  presentation  to  the 
hospital  more  than  48-72  h  after  onset  of  aortic 
dissection  [19]. 

Surgical  Intervention  for  Aortic  Arch 
Dissections 

Treatment  of  aortic  arch  dissections  is  a  matter  of 
some  controversy.  In  the  DeBakey  classification 
system,  the  aortic  arch  is  a  separate  entity  that  is 
not  clearly  accounted  for.  As  such,  several  studies 
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Fig.  1 8.7  Management  of  patients  with  aortic  dissection 
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have  evaluated  whether  aortic  arch  dissections 
require  surgical  intervention  or  if  medical  man¬ 
agement  alone  is  sufficient  in  uncomplicated 
cases.  The  initial  IRAD  studies  showed  that  there 
was  no  difference  in  in-hospital  mortality  when 
comparing  Type  B  dissections  with  or  without 
aortic  arch  involvement.  Additionally,  it  was 
found  that  aortic  arch  involvement  was  not  an 
independent  risk  factor  for  mortality  [8]. 
Recently,  the  German  Registry  for  Acute  Aortic 
Dissection  Type  A  (GERAADA)  study  evaluated 
early  mortality  and  new  neurologic  and  malper- 
fusion  deficits  among  different  surgical 
approaches  for  aortic  arch  replacement.  They 
found  that  while  there  were  more  complications 
in  the  immediate  post-operative  period  for  the 
population  treated  with  total  arch  replacement, 
there  was  no  significant  difference  in  30-day 
mortality  between  the  hemiarch  and  total  arch 
groups  [20].  They  did  not,  however,  compare 
arch  replacement  to  medical  management  strate¬ 
gies.  Nevertheless,  other  natural  history  studies 
suggest  the  risk  of  progression  of  isolated  arch 
dissection  is  high  and  some  experts  argue  for  rou¬ 
tine  surgical  management.  Because  of  this  uncer¬ 
tainty,  we  favor  a  team-based  approach  to 
evaluation  and  individualized  decision-making. 
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Case  Presentation 

A  56  year  old  male  with  a  history  of  hypertension 
presented  with  a  2  month  history  of  fevers,  chills, 
anorexia,  and  weight  loss  with  a  2  week  history  of 
worsening  dyspnea  and  pedal  edema.  At  the  time 
of  presentation,  he  had  a  blood  pressure  of 
90/27  mmHg,  with  a  heart  rate  of  80  beats  per  min, 
temperature  of  38.0  °C,  and  required  8  L/min  of 
oxygen  to  maintain  saturations  of  94%.  On  exam, 
his  jugular  venous  pressure  was  7  cm  above  the 
sternal  angle.  He  had  bilateral  lung  crackles,  a 
grade  III/VI  decrescendo  diastolic  murmur  along 
the  left  lower  sternal  border,  and  bilateral  pitting 
edema.  His  white  blood  cell  count  was  14,000 
cells/pL.  Two  sets  of  blood  cultures  were  drawn 
and  empiric  vancomycin,  gentamicin,  and  cipro¬ 
floxacin  were  initiated.  At  9  h,  blood  cultures  were 
positive  for  pansensitive  Streptococcus  oralis  and 
his  antimicrobial  therapy  was  changed  to 
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ceftriaxone.  A  transthoracic  echocardiogram 
reported  a  mildly  dilated  left  ventricle  with  normal 
systolic  function,  a  trileaflet  aortic  valve  with 
severe  aortic  insufficiency,  and  a  large  15  mm  aor¬ 
tic  valve  vegetation  (Fig.  19.1,  Videos  19.1  and 
19.2).  A  computed  tomography  (CT)  scan  of  his 
head  reported  a  left  frontal  subacute  infarction 
with  associated  petechial  hemorrhage. 

Question  How  should  this  patient’s  native  valve 
infective  endocarditis  (IE)  be  managed? 

Answer  Antimicrobial  therapy  and  aortic  valve 
replacement. 

All  patients  with  IE  should  be  initiated  on 
early  empiric  guideline-recommended  antibiotic 
therapy,  and  antimicrobials  should  be  further 
guided  by  culture  and  sensitivities.  Patients  with 
severe  mitral  or  aortic  insufficiency  causing  con¬ 
gestive  heart  failure  should  be  referred  for  early 
cardiac  surgery  to  repair  or  replace  the  incompe¬ 
tent  valve.  Prior  to  surgery,  this  patient  under¬ 
went  a  coronary  CT  scan,  which  reported  a 
calcium  score  of  0.  This  test  was  done  instead  of 
a  coronary  angiogram  to  reduce  the  risk  of  dis¬ 
lodging  the  vegetation.  A  dental  consultation 
excluded  an  oral  abscess  source.  On  post¬ 
admission  day  2,  he  developed  shock  (blood 
pressure  70/20  mmHg)  and  flash  pulmonary 
edema  (Fig.  19.2).  The  patient  was  stabilized 
with  non-invasive  mechanical  ventilation  and 
vasopressors.  Dopamine  was  selected  to  increase 
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Fig.  19.1  Transthoracic  echocardiogram  documenting  view.  Continuous  wave  Doppler  signal  of  the  aortic  valve 
an  aortic  valve  vegetation  and  severe  aortic  insufficiency  with  a  very  short  pressure  half  time  suggestive  of  severe 
in  the  parasternal  long  axis  view  and  the  5 -chamber  apical  aortic  insufficiency 


Fig.  19.2  Chest  x-ray  on  post- admission  day  2  showing 
severe  pulmonary  edema 

his  blood  pressure  and  his  heart  rate,  with  the 
intent  of  shortening  diastolic  filling  time  [1].  He 
underwent  an  emergent  aortic  valve  replacement 


with  a  bioprosthetic  valve.  He  was  extubated  and 
transferred  to  the  surgical  ward  on  post-operative 
day  2,  and  discharged  home  on  post-operative 
day  6.  An  echocardiogram  prior  to  discharge 
showed  a  normally  functioning  aortic  bioprosthe¬ 
sis  with  no  signs  of  infective  endocarditis. 
Ceftriaxone  was  continued  for  a  total  of  6  weeks. 

Principles  of  Management 
Epidemiology 

The  incidence  of  infective  endocarditis  is  between 
3  and  10  episodes  per  100,000  person-years  with  a 
peak  incidence  during  the  ages  of  70-80  of  14.5 
episodes  per  100,000  person-years  [2-5].  Risk 
factors  for  IE  include  advanced  age,  poor  denti¬ 
tion,  injection  drug  use,  structural  heart  disease 
(specifically  valvular  and  congenital  heart  disease), 
the  presence  of  prosthetic  heart  valves,  and  the 
presence  of  an  intravascular  catheter  [6-10].  The 
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most  common  micro-organisms  responsible  for 
native  valve  IE  in  order  of  likelihood  are  listed  in 
Table  19.1  [11]. 

Diagnosis 

Modified  Duke  criteria  incorporate  patient  risk 
factors,  physical  exam  findings,  laboratory  stud¬ 
ies,  and  echocardiographic  imaging  to  diagnose 
IE  (Table  19.2)  [12].  Importantly,  three  sets  of 


Table  1 9.1  Common  causative  microorganisms  in  infec¬ 
tive  endocarditis  [11] 


Microorganism 

Frequency  (%) 

Staphylococcus  aureus 

31 

Coagulase-negative  staphylococcus 

11 

Viridans  group  streptococci 

17 

Streptococcus  bovis 

6 

Other  streptococci 

6 

Enterococcus  species 

10 

HACEK  organisms 

2 

Fungi/yeast 

2 

Polymicrobial 

1 

Negative  cultures 

10 

Other 

4 

Abbreviation :  HACEK  organisms  include  Haemophilus 
species,  Aggregatibacter/Actinobacillus  actinomycetem- 
comitans,  Cardiobacterium  hominis,  Eikenella  corrodens, 
and  Kingella  species 
Data  from  Murdoch  et  al.  [11] 

Table  19.2  Modified  Duke  criteria  for  infective 
endocarditis 

Major  criteria 

1.  Blood  cultures  positive  for  IE 

a.  Typical  IE  microorganism  from  two  separate  blood 
cultures 

-  Viridans  streptococci 

-  Streptococcus  bovis 

-  HACEK  group 

-  Community- acquired  enterococci 

b.  Microorganism  consistent  with  IE  from 
persistently  positive  blood  cultures 

-  Two  blood  cultures  drawn  >  12  h  apart 

-  All  of  three  or  a  majority  of  >  4  separate  blood 
cultures  (with  first  and  last  sample  drawn  at  least 
1  h  apart) 

c.  Single  positive  blood  culture  for  Coxiella  burnetii 
or  phase  1  IgG  antibody  titer >  1:800 


Table  19.2  (continued) 

2.  Evidence  of  endocardial  involvement 

a.  Echocardiography  positive  for  IE 

-  Vegetation 

-  Abscess 

-  New  partial  dehiscence  of  prosthetic  valve 

b.  New  valvular  regurgitation 
Minor  criteria 

1.  Predisposition 

-  Predisposing  heart  condition 

-  Injection  drug  use 

2.  Fever  -  temperature >38°  Celsius 

3.  Vascular  phenomena 

-  Major  arterial  emboli 

-  Septic  pulmonary  infarcts 

-  Mycotic  aneurysm 

-  Intracranial  haemorrhages 

-  Conjunctival  haemorrhages 

-  Janeway  lesions 

4.  Immunologic  phenomena 

-  Glomerulonephritis 

-  Osier’s  nodes 

-  Roth’s  spots 

-  Rheumatoid  factor 

5.  Microbiological  evidence 

-  Positive  blood  culture  but  does  not  meet  a  major 
criterion 

-  Serological  evidence  of  active  infection  with 
microorganism  consistent  with  IE 


Diagnosis 


Definite  IE 

Possible  IE 

2  major  criteria 

1  major  and  1  minor 
criteria 

1  major  and  3  minor 
criteria 

3  minor  criteria 

5  minor  criteria 

Data  from  Li  et  al.  [12] 

peripheral  venous  blood  cultures  (aerobic  and 
anaerobic)  should  be  obtained  from  two  sites 
(spatial  separation)  at  30  min  intervals  (temporal 
separation)  prior  to  initiating  antimicrobial  ther¬ 
apy  [1,  2].  Cultures  should  be  investigated  for 
typical  and  fastidious  (e.g.  HACEK  organisms) 
pathogens.  A  transthoracic  echocardiogram 
(TTE)  is  the  first  recommended  imaging  test  in 
IE  [1,  2].  Recognizing  the  TTE  sensitivity  of 
40-63%  and  specificity  of  98%  [13,  14],  a  fol¬ 
low-up  transesophageal  echocardiogram  (TEE) 
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is  recommended  when:  the  TTE  is  non-diagnostic, 
the  TTE  is  negative  with  a  high  index  of  suspi¬ 
cion  of  IE,  structural  cardiac  complications  are 
suspected,  the  patient  has  a  prosthetic  heart  valve 
or  an  intra-cardiac  device,  or  there  is 
Staphylococcus  aureus  bacteremia  [1,  2].  The 
reported  sensitivity  of  TEE  is  90-100%  [14,  15]. 
The  reported  negative  predictive  value  of  the 
original  Duke  Criteria  is  92%  [16]. 

Antimicrobial  Therapy 

For  acutely  ill  patients,  an  empiric  antibiotic  regi¬ 
men  of  intravenous  vancomycin,  gentamicin,  and 
ciprofloxacin  or  amoxicillin-clavulanate  and  gen¬ 
tamicin  has  been  recommended  [2] .  However,  ini¬ 
tial  empiric  therapy  should  take  into  account  local 
patterns  of  antibiotic  resistance.  In  patients  with 
prosthetic  valves  within  1  year  of  surgery,  empiric 
therapy  with  vancomycin,  gentamicin,  and 
rifampin  is  recommended;  rifampin  should  be  ini¬ 
tiated  once  cultures  have  cleared  so  as  to  reduce 
development  of  resistance  [2].  Antimicrobial  ther¬ 
apy  and  duration  should  be  tailored  to  the  specific 
organism  and  sensitivity  according  to  published 
guidelines.  The  duration  of  therapy  consists  of  a 
minimum  of  4-6  weeks  of  intravenous  antibiot¬ 
ics;  the  duration  should  be  guided  by  guideline 
organism-specific  recommendations  [2] . 

Indications  for  Surgery 

Cardiac  surgery  is  recommended  in  the  treat¬ 
ment  of  IE  in  the  following  situations  [1,  17]: 
(1)  aortic  or  mitral  valve  obstruction  or  regurgi¬ 
tation  with  heart  failure,  shock,  severe  regurgi¬ 
tation,  or  echocardiographic  evidence  of 
hemodynamic  deterioration  (early  mitral  valve 
closure  or  pulmonary  hypertension);  (2)  locally 
uncontrolled  infection  or  extension  (abscess, 
fistula,  aneurysm,  heart  block,  or  enlarging  veg¬ 
etation);  (3)  fungal,  multidrug  resistant,  or 
highly  resistant  organisms;  (4)  Persistent  bacte¬ 
remia  >5- 10  days  despite  appropriate  antimi¬ 
crobial  therapy;  (5)  recurrent  embolization  with 


persistent  vegetations;  (6)  vegetation >  15  mm; 
(7)  prosthetic  valves  with  relapsing  infections. 

Follow-Up  Evaluation 

Daily  blood  cultures  should  be  drawn  until  the 
resolution  of  bacteremia.  New  infectious  signs 
(e.g.  fever)  or  clinical  evidence  of  structural  com¬ 
plications  (e.g.  heart  failure  or  valvular  regurgita¬ 
tion)  merits  re-initiating  blood  culture 
surveillance  as  described  in  the  diagnosis  section. 
Electrocardiographic  surveillance  is  particularly 
important  in  patients  at  risk  for  new  atrioventric¬ 
ular  block  including  those  with  aortic  valve  endo¬ 
carditis,  microorganisms  prone  to  peri- valvular 
abscess  formation  (e.g.  Staphylococcus  aureus ), 
and  patients  with  new  atrioventricular  block.  We 
recommend  routine  electrocardiographic  surveil¬ 
lance  until  blood  cultures  are  negative  and  inter¬ 
mittently  throughout  the  course  of  antimicrobial 
therapy  -  particularly  in  patients  at  high  risk  of 
new  atrioventricular  block  including  those  with 
aortic  valve  endocarditis  and  microorganisms 
prone  to  peri-valvular  abscess.  Serial  echocardio¬ 
graphic  imaging  has  been  recommended  for  both 
diagnosis  and  follow-up.  A  study  in  2004  reported 
that  in  patients  with  a  clinical  suspicion  of  IE  and 
a  negative  first  TTE  or  TEE  echocardiogram,  a 
second  or  third  TTE  diagnosed  an  additional 
26.7  %  of  patients  with  IE,  while  a  second  or 
third  TEE  diagnosed  an  additional  19.7%  [18]. 
Repeat  imaging  is  also  recommended  when  a 
new  complication  of  IE  is  suspected  (e.g.  recur¬ 
rent  fever,  new  murmur,  new  embolus).  At  the 
completion  of  therapy,  current  guidelines,  based 
largely  on  expert  opinion,  recommend  follow-up 
echocardiography  to  detect  any  new  silent  com¬ 
plication  or  any  residual  vegetation  [1,2]. 


Evidence  Contour 

Although  antimicrobial  therapy  and  cardiac  sur¬ 
gery  are  well  established  in  the  management  of 
IE,  there  are  several  aspects  of  IE  management 
that  remain  controversial  or  less  well  defined. 
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Timing  of  Non-emergent 
Surgery  in  IE 

In  patients  without  an  emergent  or  urgent  indica¬ 
tion  for  cardiac  surgery,  there  is  little  evidence  to 
guide  the  timing  of  non-urgent  surgery  for 
IE.  Early  surgery  may  reduce  the  risk  of  systemic 
embolization  of  vegetations,  whereas  later  sur¬ 
gery  may  facilitate  the  resolution  of  bacteremia 
and  reduce  the  risk  of  infecting  new  bioprosthetic 
material.  A  recent  small  randomized  study  of 
patients  with  left  sided  valvular  IE  with  severe 
mitral  or  aortic  valve  disease,  and  a  vegetation 
>10  mm  but  no  other  indications  for  surgery  were 
randomized  to  early- surgery  within  48  h  versus 
conventional  care.  Early  surgery  significantly 
reduced  the  composite  end  point  of  death  and 
embolic  events  (3  %  versus  23  %,  p  =0.03)  and  no 
differences  in  prosthetic  valve  IE  recurrence  was 
observed  suggesting  a  possible  benefit  with  early 
cardiac  surgery  [19]. 

Neuroimaging  in  IE 

A  reported  22-50%  of  IE  cases  are  complicated 
by  a  systemic  embolization,  with  65  %  of  these 
events  involving  the  central  nervous  system  [20, 
21].  Cerebral  emboli  can  cause  strokes,  mycotic 
aneurysms,  and  lead  to  hemorrhagic  transforma¬ 
tion.  There  are  no  guidelines  for  neuroimaging 
test  selection;  however  we  recommend  the  fol¬ 
lowing  approach:  (1)  All  patients  with  new  neu¬ 
rologic  signs  or  symptoms  should  initially  be 
evaluated  with  a  non-contrast  CT  scan  of  the 
head.  (2)  Magnetic  resonance  imaging  can  be 
considered  in  symptomatic  patients  with  a  nor¬ 
mal  CT  scan  or  to  better  define  CT  findings.  (3) 
CT  or  magnetic  resonance  angiography  can  be 
used  to  evaluate  mycotic  aneurysms.  Their  role, 
however,  in  patients  with  early  stroke  symptoms 
to  guide  endovascular  therapy  is  unclear  in  this 
population  and  should  be  made  in  conjunction 
with  a  neurologist  [22,  23].  In  neurologically 
asymptomatic  IE  patients,  a  small  case  series  has 
reported  that  79%  of  patients  had  cerebral  mag¬ 
netic  resonance  imaging  abnormalities  and  these 


findings  upgraded  the  diagnosis  of  IE  from 
possible  to  definite  in  34%  of  patients  [24]. 
Pending  further  outcome  based  studies,  we  do 
not  recommend  routine  neuroimaging  in  neuro¬ 
logically  asymptomatic  patients. 

Timing  of  Surgery  in  IE  with  Septic 
Cerebral  Embolic  Strokes 

Embolic  events  from  IE  are  associated  with  an 
increase  in-hospital  mortality  [25].  Patients  who 
require  cardiac  surgery  after  an  embolic  stroke 
have  a  potential  risk  of  hemorrhagic  transforma¬ 
tion  with  coronary  artery  bypass  pump  anti¬ 
coagulation.  Given  this  additional  risk,  the 
optimal  timing  for  surgery  in  patients  with 
embolic  complications  remains  unclear.  An 
observational  study  compared  early  surgery  (1-7 
days  after  ischemic  stroke)  to  late  surgery 
(>7  days  after  ischemic  stroke)  and  found  no  dif¬ 
ference  in  in-hospital  or  1  year  mortality  [26]. 
Other  studies,  however,  have  reported  higher  in- 
hospital  mortality  and  cerebral  exacerbation  rates 
associated  with  early  surgery  [27].  Until  ade¬ 
quately  powered  randomized  trials  are  per¬ 
formed,  the  appropriate  timing  of  surgery  will 
remain  uncertain  and  treatment  timing  decisions 
should  be  individualized. 

Valve  Repair  Versus  Valve 
Replacement 

There  is  very  little  high  quality  evidence  to  guide 
the  choice  of  valve  repair  versus  valve  replace¬ 
ment  in  the  setting  of  IE.  Valve  repair  is  theoreti¬ 
cally  more  appealing  given  that  the  lack  of 
prosthetic  material  reduces  the  risk  of  recurrence 
of  IE  [28-30].  A  systematic  review  and  meta¬ 
analysis  of  24  observational  studies  compared  a 
total  of  470  patients  who  underwent  mitral  valve 
repair  while  724  patients  underwent  valve  replace¬ 
ment.  Patients  who  underwent  mitral  valve  repair 
had  lower  in-hospital  (2.3%  versus  14.4%)  and 
long-term  (7.8%  versus  40.5%)  mortality  [31]. 
However,  this  evidence  is  limited  by  the  potential 
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for  residual  confounding  in  observational  studies 
and  the  lack  of  randomized  studies. 

Cardiac  Device  Related  IE 

The  risk  of  IE  in  patients  with  pacemakers  or 
implantable  cardioverter  defibrillators  ranges  from 
1.82  to  1.90  per  1000-device  years  [32,  33].  The 
diagnosis  of  IE  is  more  difficult  in  this  population 
because  blood  cultures  are  negative  in  23  %,  the  sen¬ 
sitivity  of  the  Duke  criteria  is  lower,  and  TEEs  have 
a  higher  false  negative  rate  [33].  Medical  therapy 
alone  has  been  associated  with  increased  morbidity 
and  mortality  [34].  Accordingly,  guidelines  recom¬ 
mend  that  all  patients  with  IE  should  have  their 
devices  removed  and/or  replaced;  preferably  percu¬ 
taneous  laser  lead  extraction  techniques  should  be 
performed  followed  by  a  4-6  week  course  of  antibi¬ 
otics  [1,  2].  The  optimal  timing  of  both  device 
removal  and  re-implantation  remains  unclear. 
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Case  Presentation 

A  31  year  old  male  with  a  history  of  diabetes 
mellitus  type  1  and  recent  skin  infection  of  the 
neck  (for  which  he  underwent  incision  and  drain¬ 
age  and  levofloxacin  treatment)  presented  to  the 
emergency  department  with  a  three  day  history  of 
fever,  cough  productive  of  bloody  sputum,  and 
shortness  of  breath.  He  had  recently  returned 
from  a  trip  to  Asia.  He  was  tachycardic  but  nor- 
motensive  and  had  an  oxygen  saturation  of  93  % 
on  3  L  nasal  cannula.  WBC  count  was  21.8  K/UL 
with  90%  neutrophils,  BUN  and  creatinine  were 
8  mg/dL  and  1.0  mg/dL,  respectively,  and  glu¬ 
cose  >350  mg/dL.  Suspicion  of  cavitary  pneumo¬ 
nia  on  chest  radiograph  was  confirmed  by 
computed  tomography  (Fig.  20.1). 

Question  What  would  be  the  best  empirical 
therapy  for  this  patient? 

Answer  Ceftriaxone,  azithromycin,  and 
linezolid. 
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Because  of  additional  concern  for  meliodosis, 
the  patient  was  started  on  ceftazidime,  azithromy¬ 
cin,  and  vancomycin.  He  developed  progressive 
hypoxemia  and  agitation,  at  which  time  he  was 
intubated  and  started  on  mechanical  ventilation. 
Bronchoscopic  bronchoalveolar  lavage  (BAL)  of 
the  right  lower  lobe  revealed  240  WBCs  with  81  % 
neutrophils.  Sampling  of  a  rapidly  progressing 
pleural  effusion  showed  a  pleural  fluid  pH  6.95, 
glucose  44  mg/dL  and  LDH  1842  IU/L.  Gram 
stain  of  both  fluids  revealed  clusters  of  gram  posi¬ 
tive  cocci.  Chest  tube  drainage  of  the  right  pleural 
space  was  performed.  Urinary  antigen  testing  for 
S treptocococcus  pneumoniae  and  fungal  serolo¬ 
gies  were  negative.  He  was  empirically  switched 
from  vancomycin  to  linezolid.  BAL  and  pleural 
fluid  cultures  grew  methicillin-resistant 
Staphylococcus  aureus  (MRS A).  Serum  immuno¬ 
globulins  (IGs)  were  subsequently  found  to  be 
very  low  and  he  was  given  IVIG.  After  a  prolonged 
ICU  course,  he  was  ultimately  discharged  to  an 
acute  rehabilitation  facility  and  subsequently 
returned  to  full  functional  status.  He  continues  to 
receive  intermittent  outpatient  IVIG. 

Principles  of  Management 

Site-of-Care  Decisions 

Patients  admitted  to  the  ICU  with  severe 
community-acquired  pneumonia  (CAP)  generally 
fall  into  one  of  two  categories:  (1)  those  whose 
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Fig.  20.1  Representative  image  of  the  CT  chest  upon  admission 


symptom  severity  or  co-morbid  conditions  require 
ICU  admission  at  presentation  and  (2)  those  who 
transfer  to  the  ICU  later  because  of  progressive 
decline  despite  receiving  inpatient  therapy. 

Patients  in  need  of  mechanical  ventilation  or 
vasopressor  support  because  of  septic  shock  auto¬ 
matically  require  intensive  care.  However,  the 
decision  to  admit  to  the  ICU  is  more  difficult  when 
such  obvious  needs  are  not  present.  Early  identifi¬ 
cation  of  patients  likely  to  deteriorate  is  important 
as  increased  mortality  is  associated  with  ICU 
transfer  for  delayed  respiratory  failure  or  onset  of 
septic  shock.  Pooled  analysis  of  four  prospective 
CAP  studies,  of  which  138  had  delayed- transfer 
compared  to  315  direct  Emergency  Department 
(ED)  to  ICU  admissions,  demonstrated  that  the 
delayed-transfer  group  had  higher  28-day  mortal¬ 
ity  (23.4  %  vs.  1 1.7  %,  p<0.02)  and  hospital  length 
of  stay  (13  days  vs.  7  days,  p<  0.001)  in  propen¬ 
sity-matched  analysis  [1]. 

While  some  delayed  transfers  to  the  ICU  rep¬ 
resent  progressive  pneumonia  despite  appropri¬ 
ate  treatment,  many  patients  have  subtle  clinical 
findings  upon  presentation  that  predict  a  more 


aggressive  approach  will  lead  to  improved  out¬ 
comes.  Using  the  presence  of  >3  IDSA/ATS 
minor  criteria  (Table  20.1)  [2]  in  the  ED,  a  before/ 
after  quality  improvement  project  demonstrated 
decreased  mortality  (adjusted  odds  ratio  [OR] 
0.24,  95  %  confidence  interval  [Cl]  0.09-0.670, 
p  =  0.006),  fewer  delayed  ICU  transfers  (14.8% 
vs.  32%,  p<0.001),  and  minimal  increase  in 
direct  admissions  to  the  ICU  when  an  aggressive 
pre-ICU  assessment  and  resuscitation  protocol 
was  utilized  [3]. 

The  Pneumonia  Severity  Index  (PSI)  and 
CURB -65  Score,  while  useful  in  predicting 
30-day  mortality  and  need  for  hospital  admis¬ 
sion,  have  limited  ability  to  predict  the  need  for 
intensive  respiratory  monitoring  or  vasopressor 
support  initially.  In  addition  to  the  IDSA/ATS 
minor  criteria,  several  other  scores  such  as 
SMART-COP  [4]  generally  have  very  good 
sensitivity  if  the  threshold  is  set  optimally. 
However,  such  scoring  tools  will  lead  to  a  sig¬ 
nificant  increase  in  ICU  admissions  if  followed 
rigorously,  and  they  require  prospective 
validation. 
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Table  20.1  IDSA/ATS  minor3  criteria  for  severe  com¬ 
munity  acquired  pneumonia 

Respiratory  rateb>30  breaths/min 
Pa02/Fi02  ratiob  <  250 
Multilobar  infiltrates 
Confusion/disorientation 
Uremia  (BUN  level,  >20  mg/dL) 

Leukopenia0  (WBC  count,  <4000  cells/mm3) 

Thrombocytopenia  (platelet  count,  <100,000  cells/ 
mm3) 

Hypothermia  (core  temperature,  <36  °C) 

Hypotension  requiring  aggressive  fluid  resuscitation 

Modified  and  reproduced  with  permission  from  Oxford 
University  Press  on  behalf  of  the  Infectious  Disease 
Society  of  America.  Mandell  et  al.  [2] 
aOther  considerations  include  hypoglycemia  (in  a  non¬ 
diabetic  patient),  acute  alcoholism/withdrawal,  hypona¬ 
tremia,  unexplained  metabolic  acidosis,  elevated  lactate 
level,  cirrhosis  and  asplenia 

bNeed  for  noninvasive  ventilation  can  substitute  for  a 
respiratory  rate  >30  breaths/min  or  PaO2/FiO2<250 
cAs  a  result  of  infection  alone 

Diagnostic  Testing 

Aggressive  diagnostic  testing  is  most  useful  in 
those  with  severe  CAP  requiring  ICU  admission 
and  in  those  with  risk  factors  for 
healthcare-associated  pneumonia  (HCAP).  In 
such  patients,  the  probability  of  finding  a  patho¬ 
gen  resistant  to  usual  CAP  empirical  therapy  (e.g. 
Staphylococcus  aureus  or  Pseudomonas  aerugi¬ 
nosa)  is  increased,  and  identification  of  a  specific 
pathogen  can  lead  to  tailored  antimicrobials,  thus 
decreasing  cost  and  exposure  to  unnecessary 
medications  [5]. 

In  a  patient  invasively  ventilated,  direct  access 
to  the  lower  respiratory  tract  provides  the  oppor¬ 
tunity  to  perform  an  endotracheal  aspirate  or 
bronchoalveolar  lavage  (BAL).  Moreover,  bron- 
choscopic  BAL  can  be  useful  in  those  where  spu¬ 
tum  or  blood  cultures  do  not  yield  a  pathogen.  In 
a  prospective  study  of  262  patients  admitted  with 
CAP,  fiberoptic  bronchoscopic  BAL  provided 
additional  diagnostic  value  in  49%  of  patients 
who  could  not  expectorate  sputum  and  52  %  who 
had  treatment  failure  72  h  after  admission  [6]. 

Blood  and  sputum  cultures  generally  have  low 
sensitivity  but  should  still  be  performed  upon 
transfer  to  the  ICU,  even  in  the  non-intubated 


patient.  Growth  inhibition  by  antibiotics 
decreases  the  diagnostic  yield  of  both  tests  but 
less  so  when  S.  aureus  or  gram-negative  bacilli 
are  the  predominant  pathogen  [2].  Pleural  fluid 
sampling  is  necessary  in  a  CAP  patient  with  a 
large  pleural  effusion  (either  upon  admission  or 
one  which  develops  after  empirical  treatment  for 
CAP),  as  a  complicated  pleural  space  requires 
adequate  drainage. 

Urinary  antigen  testing  has  reasonable  sensitiv¬ 
ity  and  excellent  specificity  for  detecting 
Streptococcus  pneumoniae  and  Legionella  pneu¬ 
mophila  serogroup  1 .  The  test  can  stay  positive  for 
over  3  days  in  patients  with  S.  pneumoniae  and  for 
weeks  with  L.  pneumophila  [2].  Although  antibi¬ 
otic  sensitivity  data  cannot  be  obtained,  the  test  is 
qualitatively  important  to  verify  that  an  antibiotic 
regimen  adequately  covers  such  pathogens. 

Viral  testing  is  important,  especially  in  the 
appropriate  season.  A  positive  influenza  test  in  a 
critically-ill  patient  should  be  an  impetus  for  anti¬ 
viral  therapy,  which  can  hasten  disease  resolution 
and  decrease  spread. 

Microbial  Culprits 

Microorganisms  responsible  for  CAP  in  the  ICU 
mirror  those  of  the  outpatient  setting,  with  the 
addition  of  gram-negative  pathogens  and 
MRSA.  A  review  of  9  studies  of  patients  with 
CAP  admitted  to  the  ICU  showed  that  the  most 
common  typical  bacterial  pathogens  were  S. 
pneumoniae ,  L.  pneumophila ,  Haemophilus  influ¬ 
enzae ,  aerobic  gram-negative  bacilli,  and  S. 
aureus  [7].  The  relative  frequency  of  atypical 
pathogens  in  the  ICU  setting  is  unclear  because  of 
heterogeneity  in  diagnostic  technique  but  is 
approximately  20%  [2].  Respiratory  viruses, 
either  as  a  pure  or  co-infection,  can  be  detected  in 
up  to  49  %  of  severe  pneumonias.  Common  cul¬ 
prits  include  parainfluenza  virus,  human  meta¬ 
pneumovirus,  influenza  A  and  B,  respiratory 
syncytial  virus,  and  adenovirus  [8,  9].  Much  less 
common  viral  pathogens  include  coronaviruses, 
such  as  the  SARS  virus  and  Middle  East  respira¬ 
tory  syndrome  coronavirus  (MERS-CoV), 
parechoviruses,  and  enteroviruses. 
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Epidemiologic  risk  factors  are  helpful  to  sug¬ 
gest  less  common  etiologies  (Table  20.2). 
Structural  lung  disease  (e.g.  COPD  with  repeated 
exacerbations  or  bronchiectasis),  prior  hospital¬ 
ization  and  healthcare  exposure  pose  an  increased 
risk  of  Pseudomonas ,  chronic  alcoholism  is  a 
risk  for  other  gram-negative  pathogens 
( Klebsiella  pneumoniae  or  Acinetobacter  spe¬ 
cies),  and  end-stage  renal  disease,  injection  drug 
use,  prior  influenza  infection,  and  prior  treatment 
with  fluoroquinolones  pose  an  increased  risk  of 
S.  aureus  [2]. 


Empirical  Versus  Pathogen-Directed 
Therapy 

With  severe  CAP,  timely  diagnosis  and  adequate 
empirical  antimicrobial  therapy  are  paramount. 
Retrospective  analysis  of  2731  adult  patients 
with  septic  shock,  the  majority  of  whom  had  a 
pulmonary  primary  site  of  infection,  demon¬ 
strated  that  each  hour  delay  in  initiation  of  appro¬ 
priate  antibiotic  therapy  after  the  onset  of 
hypotension  was  associated  with  a  mean  decrease 
in  survival  of  7.6%  [10].  Consideration  of  the 


Table  20.2  Epidemiologic  conditions  and/or  risk  factors  related  to  specific  pathogens  in  community-acquired 
pneumonia 


Condition 

Commonly  encountered  pathogen(s) 

Alcoholism 

Streptococcus  pneumoniae ,  oral  anaerobes,  Klebsiella  pneumoniae , 
Acinetobacter  species,  Mycobacterium  tuberculosis 

COPD  and/or  smoking 

Haemophilus  influenzae ,  Pseudomonas  aeruginosa ,  Legionella  species, 

S.  pneumoniae ,  Moraxella  catarrhalis,  Chlamydophila  pneumoniae 

Aspiration 

Gram-negative  enteric  pathogens,  oral  anaerobes 

Lung  abscess 

CA-MRSA,  oral  anaerobes,  endemic  fungal  pneumonia,  M.  tuberculosis, 
atypical  mycobacteria 

Exposure  to  bat  or  bird  droppings 

Histoplasma  capsulatum 

Exposure  to  birds 

Chlamydophila  psittaci  (if  poultry:  avian  influenza) 

Exposure  to  rabbits 

Francisella  tularensis 

Exposure  to  farm  animals  or 
parturient  cats 

Coxiella  burnetti  (Q  fever) 

HIV  infection  (CD4>200) 

S.  pneumoniae,  H.  influenzae,  M.  tuberculosis 

HIV  infection  (CD4<200) 

The  pathogens  listed  for  early  infection  plus  Pneumocystis  jirovecii. 
Cryptococcus,  Histoplasma,  Aspergillus,  atypical  mycobacteria  (especially 
Mycobacterium  kansasii),  P.  aeruginosa,  H.  influenzae 

Hotel  or  cruise  ship  stay  in  previous 

2  weeks 

Legionella  species 

Travel  to/residence  in  southwestern 
United  States 

Coccidioides  species,  Hantavirus 

Travel  to/residence  in  Southeast  and 
East  Asia 

Burkholderia  pseudomallei,  avian  influenza,  SARS 

Influenza  active  in  community 

Influenza,  S.  pneumoniae,  Staphylococcus  aureus,  H.  influenzae 

Cough  >2  weeks  with  whoop  or 
post  tussive  vomiting 

Bordetella  pertussis 

Structural  lung  disease  (e.g., 
bronchiectasis) 

Pseudomonas  aeruginosa,  Burkholderia  cepacia,  S.  aureus 

Injection  drug  use 

S.  aureus,  anaerobes,  M.  tuberculosis,  S.  pneumoniae 

Endobronchial  obstruction 

Anaerobes,  S.  pneumoniae,  H.  influenzae,  S.  aureus 

Modified  and  reproduced  with  permission  from  Oxford  University  Press  on  behalf  of  the  Infectious  Disease  Society  of 
America.  Mandell  et  al.  [2] 

CA-MRSA  community- acquired  methicillin-resistant  Staphylococcus  aureus ,  COPD  chronic  obstructive  pulmonary 
disease,  SARS  severe  acute  respiratory  syndrome 
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need  to  alter  an  empirical  regimen  to  cover  spe¬ 
cific  (and  perhaps  drug-resistant)  organisms  is  a 
major  consideration  when  a  patient  is  transferred 
to  the  ICU  while  already  on  standard  empirical 
antimicrobial  coverage  for  CAR 

In  the  absence  of  risk  factors  for  HCAP  or  drug- 
resistant  pathogens,  adequate  coverage  of  S.  pneu¬ 
moniae  and  L.  pneumophila  is  crucial.  Combination 
antibiotics  with  a  beta-lactam  (cefotaxime,  ceftri¬ 
axone,  or  ampicillin-sulbactam)  and  either  a  mac- 
rolide  or  fluoroquinolone  is  recommended.  A 
recent  prospective  randomized  trial  demonstrated 
improved  clinical  outcomes  for  combination  ther¬ 
apy  compared  to  beta-lactam  monotherapy,  con¬ 
firming  multiple  observational  studies  showing 
better  clinical  outcomes  and  decreased  mortality 
with  combination  therapy,  especially  for  bactere- 
mic  pneumococcal  pneumonia  [2]. 

For  suspected  Pseudomonas  CAP,  dual  ther¬ 
apy  is  required  and  can  take  the  form  of  one  of 
three  initial  combinations: 

1.  anti-pneumococcal  anti-pseudomonas  beta- 
lactam  (piperacillin-tazobactam,  cefepime, 
imipenem,  or  meropenem)  plus  fluoroquino¬ 
lone  (ciprofloxacin  or  levofloxacin),  or 

2.  beta-lactam  plus  an  aminoglycoside  and  azithro¬ 
mycin,  or 

3.  beta-lactam  plus  an  aminoglycoside  and  an 
anti-pneumococcal  fluoroquinolone 

For  MRSA  pneumonia  linezolid  is  superior  to 
vancomycin,  particularly  if  a  toxin- secreting 
community-acquired  strain  is  the  culprit  [2].  A 
randomized  double-blind  trial  comparing  line¬ 
zolid  to  dose-adjusted  vancomycin  for  treatment 
of  MRSA-proven  HAP  or  HCAP  demonstrated 
eradication  of  MRSA  and  clinical  cure  were  sta¬ 
tistically  better  with  linezolid,  and  linezolid  had 
less  incidence  of  nephrotoxicity  [11].  In  the  set¬ 
ting  of  methicillin- susceptible  S.  aureus ,  beta- 
lactam  therapy  is  still  the  treatment  of  choice. 

Parapneumonic  Effusions 

In  the  presence  of  a  CAP-related  pleural  effusion, 
thoracentesis  can  distinguish  between  uncompli¬ 
cated  parapneumonic  effusion  (UPPE),  complicated 


parapneumonic  effusion  (CPPE)  or  empyema  [12]. 
Frank  pus  or  a  positive  pleural  fluid  gram  stain  or 
culture  indicate  an  infected  pleural  space  and  need 
for  immediate  drainage.  However,  pleural  fluid 
gram  stain  and  culture  can  be  negative  in  CPPE  or 
empyema.  In  such  situations,  pleural  fluid  chemistry 
is  the  most  efficient  way  to  assess  the  effusion  [12]. 
A  meta-analysis  showed  pleural  fluid  pH  to  have  the 
highest  diagnostic  accuracy  in  detecting  a  compli¬ 
cated  effusion,  followed  by  glucose  and  lactate 
dehydrogenase  (LDH)  [13].  While  optimal  thresh¬ 
olds  are  still  a  matter  of  debate,  a  pH  <7.28,  glucose 
<40  mg/dL  and/or  LDH  level  >1000  IU/L  suggests 
CPPE  or  empyema  and  the  necessity  for  pleural 
drainage  to  achieve  a  good  outcome  [12, 14]. 

If  the  pleural  space  is  not  evacuated  in  CPPE, 
fibrinous  adhesions  develop,  and  neutrophils  and 
bacteria  accumulate  leading  to  empyema. 
Optimal  therapy  for  CPPE  and  empyema  hinges 
on  adequate  antibiotic  coverage  and  pleural 
drainage  [15].  If  pleural  loculations  develop, 
multiple  thoracostomy  tubes  may  be  needed 
along  with  intrapleural  instillation  of  fibrinolytic 
agents  [12].  A  randomized  controlled  trial  of 
intrapleural  DNase  with  concomitant  tissue  plas¬ 
minogen  activator  (TPA)  in  patients  with  empy¬ 
ema  showed  a  lower  rate  of  surgical  referral  and 
hospital  length  of  stay  compared  with  placebo 
and  individual  agents  alone  [16].  Lysis  of  adhe¬ 
sions  or  decortication  via  video-assisted  thoraco¬ 
scopic  surgery  (VATS)  or  thoracotomy  may  be 
necessary  if  less  invasive  measures  fail.  The  tim¬ 
ing  of  surgical  referral  and  type  of  surgical 
maneuver,  though,  largely  depend  on  the  patient 
and  severity  of  illness. 

In  contrast,  uncomplicated  parapneumonic 
effusions  are  usually  exudates  with  pleural  fluid 
pH  >7.28  and  normal  glucose.  As  these  effusions 
are  reactive,  they  should  resolve  with  continued 
antibiotic  therapy. 

Evidence  Contour 

Several  aspects  of  severe  CAP  management 
remain  without  consensus,  including  the  assess¬ 
ment  of  risk  for  multidrug  resistant  (MDR)  patho¬ 
gens,  adjuvant  assessment  tools,  and  treatments. 
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Risk  of  Multidrug  Resistant  (MDR) 
Pathogens 

Empirical  antibiotic  therapy  for  severe  CAP  hinges 
on  the  risk  for  drug  resistant  organisms.  Over  the 
last  decade  HCAP  has  been  used  to  describe  the 
entity  wherein  patients  develop  pneumonia  out¬ 
side  the  hospital  yet  have  pathogens  usually  asso¬ 
ciated  with  HAP  or  VAP,  such  as  MDR 
gram-negative  bacilli  and  MRSA.  Criteria  for 
HCAP  and  the  resultant  number  of  patients  who 
should  get  broad-spectrum  empirical  therapy 
remain  subject  to  debate.  Using  any  risk  factor  for 
drug-resistant  pathogens  (DRP)  leads  to  antibiotic 
overtreatment,  while  ignoring  risk  factors  is  asso¬ 
ciated  with  undertreatment  and  adverse  outcomes 
[5].  In  a  prospective  observational  study,  Shindo 
et  al.  found  six  independent  risk  factors  for  patho¬ 
gens  resistant  to  the  usual  CAP  antibiotics:  (1) 
hospitalization  >  2  days  during  the  previous  90 
days,  (2)  antibiotic  use  during  the  previous  90 
days,  (3)  non-ambulatory  status,  (4)  tube  feedings, 
(5)  immunocompromised  status,  and  (6)  use  of 
gastric  acid  suppression  medications  [17]. 
Presence  of  three  or  more  risk  factors  should 
prompt  a  physician  to  consider  broad- spectrum 
antibiotic  therapy,  as  the  frequency  of  drug  resis¬ 
tant  pathogens  may  be  as  high  as  43  %.  These  cri¬ 
teria  work  equally  well  as  the  previous  definition 
of  HCAP,  and  a  strategy  for  initial  antibiotic  selec¬ 
tion  based  on  these  risk  factors  may  result  in  far 
less  empirical  broad- spectrum  therapy  while  still 
identifying  the  majority  who  need  it. 

Drugs  to  Suppress  Toxin  with  MRSA 

A  community-acquired  MRSA  (CA-MRSA) 
clone,  distinct  from  that  usually  causing  HCAP, 
HAP  or  VAP,  has  emerged  as  a  cause  of  pneumo¬ 
nia  with  striking  necrotizing  features.  Methicillin 
resistance  results  from  a  different  staphylococcal 
cassette  chromosome  type  (SCCmec  type  IV), 
which  also  includes  a  gene  encoding  Panton- 
Valentine  leukocidin  (PVL)  and  other  exotoxins. 
Presence  of  PVL  may  explain  the  associated  neu¬ 
tropenia  while  other  exotoxins,  such  as  alpha- 


hemolysin,  may  result  in  the  characteristic  severe 
pulmonary  hemorrhage  of  both  the  MRSA  and 
MSS  A  infections  [18].  Antibiotic  therapy  that 
also  suppresses  toxin  production  provides  better 
outcomes  and  improved  survival,  as  illustrated  in 
a  retrospective  study  of  PVL-positive  CAP  [19]. 
Clindamycin  and  linezolid  have  been  shown  to 
suppress  in-vitro  formation  of  PVL,  alpha- 
hemolysin,  and  toxic  shock  syndrome  toxin  1, 
whereas  vancomycin  and  beta-lactams  have  no 
effect  [18].  The  benefit  of  clindamycin  combined 
with  a  beta-lactam  for  MSS  A  CAP  is  unclear, 
with  a  recent  prospective  analysis  demonstrating 
that  nearly  18%  of  CA-MRSA  isolates  were 
clindamycin  resistant;  whether  antibiotic  growth 
inhibition  detected  by  MIC- susceptibility  tests 
correlates  with  toxin-suppression  activity,  though, 
is  unclear  [20,  21].  While  the  preferred  treatment 
for  PVL-positive  MSS  A  CAP  is  still  unclear,  line¬ 
zolid  appears  the  most  reasonable  choice  for 
CA-MRSA  CAP  in  light  of  its  potential  to  sup¬ 
press  exotoxin  and  offer  faster  eradication  of 
other  MRSA  clones.  The  rapid  bactericidal  activ¬ 
ity  of  ceftaroline,  a  cephalosporin  with  MRSA 
activity,  may  obviate  the  need  to  suppress  exo¬ 
toxin  production,  but  data  are  still  very  limited. 

Procalcitonin 

Procalcitonin  (PCT),  a  peptide  released  in  response 
to  bacterial  infection  but  suppressed  by  interferons 
induced  by  viral  infections,  has  the  potential  to  dis¬ 
tinguish  between  bacterial  and  viral  causes  of  pneu¬ 
monia  and  potentially  guide  antibiotic  decisions.  In 
a  prospective  study  of  CAP,  clinicians  were  encour¬ 
aged  (PCT  level  >0.25  mcg/L)  or  discouraged  (PCT 
level  <0.1  mcg/L)  from  using  antibiotics  based  on 
procalcitonin  cutoffs.  PCT  guidance  reduced  total 
antibiotic  exposure,  antibiotic  prescriptions  on 
admission,  and  antibiotic  treatment  duration  without 
adversely  affecting  clinical  outcomes  [22].  Lurther 
analysis  has  shown  that  persistently  elevated  PCT 
levels  are  associated  with  adverse  outcomes  such  as 
the  development  of  pneumonia  complications  and 
death  [23].  A  similar  benefit  on  shortening  antibiotic 
duration  with  a  PCT-driven  protocol  has  been  found 
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in  several  studies  of  severe  sepsis.  Despite  these 
studies,  PCT  has  not  been  FDA  approved  for  this 
indication  in  the  US. 

Corticosteroids 

Death  in  CAP  may  result  from  either  failure  to 
eradicate  the  microorganism  or  from  inappropri¬ 
ate  (and  perhaps  exaggerated)  host  response  to 
the  infection.  This  has  led  investigators  to  attempt 
modulation  of  the  inflammatory  response  in 
severe  CAP  with  corticosteroids. 

While  a  small  prospective  study  [24]  and  sev¬ 
eral  retrospective  studies  [25]  support  corticoste¬ 
roid  administration  in  severe  CAP,  a  larger 
randomized  double-blinded  trial  evaluating  the 
efficacy  of  prednisolone  to  placebo  in  patients 
with  severe  CAP  (PSI IV  or  V)  failed  to  show  a 
beneficial  effect  of  corticosteroids  [26]. 
Conversely,  in  a  highly  selected  group  of  patients 
with  very  high  C-reactive  protein  levels  on 
admission,  use  of  corticosteroids  was  associated 
with  less  treatment  failure  [27]. 
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Case  Presentation 

A  53  year  old  woman  with  a  history  of  alcohol 
abuse,  pancreatitis,  hypertension  and  COPD  pre¬ 
sented  with  3  days  epigastric  pain,  nausea,  vomit¬ 
ing  and  decreased  oral  intake  in  addition  to 
respiratory  symptoms  which  included  a  week  of 
cough  with  white  sputum.  At  the  time  of  presen¬ 
tation  to  the  hospital  her  alcohol  level  was  207, 
lipase  was  838,  white  blood  cell  count  was 
12.8  K.  She  was  started  on  IV  hydration  and 
received  benzodiazepines  for  incipient  alcohol 
withdrawal  when  her  mental  status  became  delir¬ 
ious.  Over  the  course  of  the  next  12  h  her  oxygen¬ 
ation  progressively  deteriorated  and  she  was 
intubated.  Post  intubation  chest  x-ray  and  a  rep¬ 
resentative  image  from  the  CT  scan  performed 
are  below  (Figs.  21.1  and  21.2). 

Question  What  approach  should  guide  this 
patient’s  ventilator  management? 

Answer  Lung  Protective  Ventilation 

All  patients  with  the  acute  respiratory  distress 
syndrome  should  be  treated  with  lung  protective 
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ventilation  in  order  to  avoid  ventilator  associated 
lung  injury  (VALI).  This  patient  was  started  on 
assist  control  mechanical  ventilation  with  a  tidal 
volume  of  350  ml  and  100  %  Fi02.  Neuromuscular 
blockade  with  cisatracurium  was  initiated.  The 
depth  of  paralysis  was  monitored  with  train  of 
four  nerve  stimulation  and  the  depth  of  sedation 
with  midazolam  and  fentanyl  was  assessed  via  bi- 
spectral  analysis.  Over  the  next  12  h  her  PEEP 
was  increased  to  16  cm  H20  and  her  Fi02  was 
decreased  to  40%.  During  this  time  the  patients 
plateau  airway  pressure  ranged  between  26  and 
28  cm  H20.  She  was  treated  with  broad  spectrum 
antibiotics,  vancomycin,  pip-tazo  and  azithromy¬ 
cin.  Results  of  a  culture  obtained  from  a  mini- 
BAL  specimen  failed  to  grow  any  pathogenic 
organisms.  Cisatracurium  was  discontinued  after 
48  h.  At  that  time,  solu-medrol  was  begun  at  a 
dose  of  1  mg/kg  body  weight.  The  patient  had  had 
already  been  on  an  insulin  drip  but  the  glucose 
target  range  was  changed  to  less  than  110  mg/dL 
from  the  usual  less  than  150  mg/dL  at  that  time. 
Daily  sedation  holidays  were  instituted  to  assess 
mental  functioning  and  a  physical  therapy  consult 
was  initiated  to  promote  mobility.  The  patient 
remained  hemodynamically  stable  with  good 
renal  function  and  diuresis  with  furosemide  was 
initiated,  resulting  in  a  negative  fluid  balance  of 
2400  ml  on  the  third  ICU  day  and  about  1-2  L/day 
subsequently.  Gas  exchange  remained  satisfac¬ 
tory  such  that  on  the  fourth  ICU  day  PEEP  was 
decreased  to  5  cm  H20.  By  that  time  the  patient 
was  able  to  march  in  place  at  the  bedside  and  take 
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Fig.  21.1  Chest  x-ray  of  patient  with  ARDS  from  case 
study  showing  bilateral  alveolar  infiltrates 

a  brief  walk  into  the  hall  outside  of  her  room. 
Later  that  day  the  patient  was  weaned  and  extu- 
bated.  She  was  transferred  out  of  the  ICU  to  the 
general  medical  ward  the  following  day. 

Principles  of  Management 

Risk  Factors  for  ARDS  and  Diagnosis 

Several  risk  factors  for  the  development  of  ARDS 
have  been  identified.  The  lung  injury  prediction 
score  (LIPS)  is  a  model  which  incorporates  know 
risk  factors  and  predicts  the  likelihood  of  devel¬ 
oping  ARDS  accordingly  [1]  (Table  21.1).  Many 
patients  with  multiple  risk  factors  do  not  develop 
ARDS  as  even  patients  with  a  LIPS  score  of  more 
than  7  only  develop  ARDS  less  than  half  of  the 
time.  In  the  case  presentation  above  the  patient’s 
history  of  chronic  alcohol  ingestion  was  a  predis¬ 
posing  risk  factor  for  the  development  of  ARDS 
in  what  was  likely  to  have  been  an  aspiration 
pneumonia,  which  itself  in  another  risk  factor. 

The  Pa02  to  Fi02  (P/F)  ratio,  a  measure  of 
oxygenation  impairment  was  part  of  the  old 
American  European  Consensus  Conference  diag¬ 


Fig.  21.2  Representative  section  of  chest  CT  from 
patient  in  case  study  demonstrating  bilateral  alveolar  infil¬ 
trates  with  mild  compressive  atelectasis  in  the  dependent 
lung  zones 

nostic  criteria  for  acute  lung  injury  and 
ARDS.  Although  easily  calculated  the  P/F  ratio 
did  not  account  for  the  effect  of  mean  airway 
pressure  on  oxygenation.  The  Berlin  criteria  for 
ARDS,  published  in  2012  [2],  did  away  with  the 
concept  of  acute  lung  injury  (ALI)  in  favor  of 
classifying  ARDS  as  mild,  moderate  or  severe. 
ARDS  severity  is  based  on  oxygenation  criteria 
which  also  accounts  to  some  extent,  for  the  appli¬ 
cation  of  positive  airway  pressure.  The  diagnosis 
of  ARDS  is  based  on  clinical  presentation  and 
physiology.  Diffuse  alveolar  damage  is  usually 
seen  histopathologically,  but  may  be  absent  even 
in  cases  of  severe  ARDS  [3]. 

Berlin  Definition  of  ARDS 

Timing 

•  Within  1  week  of  a  known  clinical  insult  or 
new  or  worsening  respiratory  symptoms 

Chest  Imaging 

•  Bilateral  opacities  -  not  fully  explained  by 
effusions,  lobar/lung  collapse,  or  nodules 

Origin  of  Edema 

•  Respiratory  failure  not  fully  explained  by 
cardiac  failure  or  fluid  overload 

•  Need  objective  assessment  (e.g.  echocar¬ 
diography)  to  exclude  hydrostatic  edema  if 
no  risk  factor  present 
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Table  21 .1  Lung  injury  prediction  score  (LIPS) 


LIPS  points 

Examples 

Predisposing  conditions 

(7)  Patient  with  history  of  alcohol  abuse  with  septic  shock 
from  pneumonia  requiring  FiO2>0.35  in  the  emergency  room: 
Sepsis  +  shock + pneumonia  +  alcohol  abuse  +  Fi02  >  0.35 

1  +2+ 1.5  + 1  +2  =  7.5 

Shock 

2 

Aspiration 

2 

Sepsis 

1 

Pneumonia 

1.5 

High-risk  surgerya 

Orthopedic  spine 

1 

Acute  abdomen 

2 

Cardiac 

2.5 

Aortic  vascular 

3.5 

High-risk  trauma 

(2)  Motor  vehicle  accident  with  traumatic  brain  injury,  lung 
contusion,  and  shock  requiring  FiO2>0.35  Traumatic  brain 
injury  +  lung  contusion  +  shock +Fi02>  0.35  2  + 1.5  +  2 +  2  =  7. 5 

Traumatic  brain  injury 

2 

Smoke  inhalation 

2 

Near  drowning 

2 

Lung  contusion 

1.5 

Multiple  fractures 

1.5 

Risk  modifiers 

Alcohol  abuse 

1 

Obesity  (BMI  >30) 

1 

(3)  Patient  with  history  of  diabetes  mellitus  and  urosepsis 
with  shock  Sepsis  +  shock + diabetes  1  +2-1  =2 

Hypoalbuminemia 

1 

Chemotherapy 

1 

FiO2>0.35  (>4  L/min) 

2 

Tachypnea  (RR>30) 

1.5 

SPo2<95  % 

1 

Acidosis  (pH <7.35) 

1.5 

Diabetes  mellitusb 

-1 

Reprinted  with  permission  of  the  American  Thoracic  Society.  Copyright  ©  2016  American  Thoracic  Society 
From  Gajic  et  al.  [1] 

The  American  Journal  of  Respiratory  and  Critical  Care  Medicine  is  an  official  journal  of  the  American  Thoracic 
Society 

Definition  of  abbreviations'.  BMI  body  mass  index,  RR  respiratory  rate,  Sp02  oxygen  saturation  by  pulse  oximetry 
aAdd  1 .5  points  if  emergency  surgery 
bOnly  if  sepsis 


Oxygenation 

•  Mild  ARDS  -  The  Pa02/Fi02  is 
>200  mmHg,  but  <300  mmHg,  on  venti¬ 
lator  settings  that  include  positive  end- 
expiratory  pressure  (PEEP)  or  continuous 
positive  airway  pressure  (CPAP)  >5  cm 
H20. 

•  Moderate  ARDS  -  The  Pa02/Fi02  is 
>100  mmHg,  but  <200  mmHg,  on  ventila¬ 
tor  settings  that  include  PEEP  >5  cm  H20. 


•  Severe  ARDS  -  The  Pa02/Fi02  is 
<100  mmHg  on  ventilators  setting  that 
include  PEEP  >5  cm  H20 

Lung  Protective  Ventilation 

Avoiding  over  distension  of  the  lung  during 
mechanical  ventilation  of  ARDS  patients  is  called 
lung  protective  ventilation  (LPV).  LPV  reduces 
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hospital  and  28  day  mortality  [4],  presumably  by 
decreasing  lung  inflammation  and  avoiding  the 
fibrinoproliferative  phase  of  this  condition.  The 
largest  trial  to  date  demonstrating  this  was  done 
by  the  NIH  sponsored  ARDS  Network,  whose 
results  were  published  in  2000  [5].  The  approach 
undertaken  in  this  trial,  the  utilization  of  a  tidal 
volume  of  less  than  6.5  cc/kg  of  ideal  body  weight 
(IB  W)  (but  at  least  4  cc/kg)  and  maintaining  a  pla¬ 
teau  pressure  of  less  than  30  cm  of  H20  has 
become  the  standard  treatment  to  provide 
mechanical  ventilation  to  patients  with 
ARDS.  The  calculation  of  ideal  body  weight  is 
based  on  height: 

Male  IB  W  (kg)  =  50  +  0.9l(cmheight  - 152.4) 

Female  IBW  (kg)  =  45.5  +  0.9  l(cmheight  -152.4) 

Plateau  airway  pressure  is  not  a  threshold  vari¬ 
able  [6]  and  it  should  be  maintained  as  low  as 
realistically  possible,  even  though  in  the 
ARDSNet  trial  tidal  volume  was  allowed  to 
increase  up  to  8  cc/kg  as  long  as  plateau  pressure 
remained  under  30  cm  H20.  The  ARDS  Network 
approach  is  the  standard  approach  to  lung  protec¬ 
tive  ventilation.  However,  multiple  other 
approaches  have  been  championed,  each  ostensi¬ 
bly  offering  a  refinement  of  the  basic  lung  protec¬ 
tive  ventilation  approach  of  the  ARDSNet.  In  a 
retrospective  analysis  of  several  of  the  large  trials, 
a  low  driving  pressure  (AP)  was  found  to  be  better 
correlated  with  ARDS  mortality  than  tidal  volume 
or  plateau  pressure  [7].  Driving  pressure  is  the 
pressure  being  applied  by  the  ventilator  to  distrib¬ 
ute  gas  to  the  recruited  portion  of  the  lungs  which 
are  not  collapsed  from  compressive  atelectasis 
caused  by  the  weight  of  the  lung  in  the  dependent 
lung  zones.  In  a  patient  not  making  spontaneous 
respiratory  efforts  AP  can  be  estimated  as  plateau 
pressure  minus  PEEP  in  cm  H20. 

Open  Lung  Ventilation 

Avoiding  alveolar  overdistension  with  a  low  tidal 
volume  is  the  established  mechanism  of  avoiding 
ventilator-associated  lung  injury.  In  the  supine 
ARDS  patient  delivered  gas  is  distributed  to  non¬ 


dependent  lung  zones.  Dependent  lung  zones  are 
not  ventilated  due  to  the  weight  of  the  lung,  i.e. 
compressive  atelectasis.  In  between  the  two 
zones  is  an  area  of  lung  which  distends  and  col¬ 
lapses  with  each  delivered  ventilator  breath,  a 
phenomenon  termed  cyclic  atelectasis.  In  animal 
models  cyclic  atelectasis  produces  lung  injury. 
Optimizing  the  recruitment  of  additional  areas  of 
collapsed  lung  with  PEEP  in  order  to  mitigate  the 
effect  of  cyclic  atelectasis  is  the  rationale  behind 
open  lung  ventilation.  Meta-analysis  of  several 
large  clinical  trials  demonstrated  a  mortality  ben¬ 
efit  to  open  lung  ventilation  [8].  However,  each  of 
the  three  large  trials  used  for  this  analysis  indi¬ 
vidually  failed  to  demonstrate  a  mortality  benefit. 
To  the  extent  that  the  large  clinical  trials  did  not 
demonstrate  harm  with  higher  levels  of  PEEP, 
such  as  an  increased  rate  of  pneumothorax,  clini¬ 
cians  may  choose  to  use  the  open  lung  approach 
in  their  patients.  Several  approaches  to  performing 
open  lung  ventilation  are  available.  A  study  eval¬ 
uating  the  effect  of  PEEP  on  lung  recruitment,  as 
evaluated  by  CT  scan,  suggested  the  best  tradeoff 
between  lung  recruitment  while  simultaneously 
avoiding  lung  overdistension  was  obtained  via  a 
high  PEEP  strategy  similar  to  that  utilized  in  the 
Lung  Open  Ventilation  Study  (LOVS)  [9] 
(Table  21.2). 

Prone  Ventilation 

A  large  randomized,  multi-center  trial,  PROSEVA, 
demonstrated  an  impressive  mortality  benefit  to 
patients  who  underwent  prone  ventilation  18  h 
per  day  [10].  Prone  ventilation  can  be  considered 
to  be  a  form  of  open  lung  ventilation.  This  trial 
addressed  criticisms  of  earlier,  negative  trials  of 
prone  ventilation  in  that  the  study  subjects  with 
ARDS  had  a  severe  oxygenation  defect,  were 
proned  for  long  periods  of  time  daily  and  a  proto- 
colized  lung  protective  approach  was  used  in  the 
control  group,  the  original  ARDS  network 
approach  [11].  Using  the  low  PEEP  ARDS 
Network  approach  in  the  control  group,  while 
appropriate,  leaves  open  the  question  as  to 
whether  proning  adds  incremental  benefit  to 
patients  who  are  already  receiving  higher  levels 
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Table  21.2  Example  of  open-lung  high  positive  end- 
expiratory  pressure  (PEEP)  strategy 


fio2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

PEEP 

5-10 

10-18 

18-20 

20 

20 

20-22 

22 

22-24 

of  PEEP  (see  open  lung  ventilation,  below).  In 
addition,  patients  underwent  neuromuscular 
blockade,  which  itself  may  have  a  beneficial 
effect  on  outcome.  Despite  these  concerns,  prone 
ventilation  has  assumed  an  important  place  as  a 
rescue  modality  in  the  treatment  of  severe  ARDS 
patients  who  have  not  responded  to  a  conven¬ 
tional  lung  protective  strategy. 

Fluid  Management 

Volume  removal  via  diuretic  administration  can 
shorten  the  duration  of  mechanical  ventilation  in 
patients  who  are  recovering  from  ARDS.  The 
Fluid  and  Catheter  Therapy  Trial  of  the  ARDS 
Network  demonstrated  an  average  of  2.5  day 
increase  in  ventilator  free  days  with  a  fluid  con¬ 
servative  approach  [12].  In  addition,  in  patients 
in  whom  the  total  protein  is  less  than  6.0  g/dL, 
the  addition  of  albumin  for  72  h  helped  promote 
fluid  loss  in  ARDS  patients  and  improved  oxy¬ 
genation  [13]. 

Supportive  Care 

Other  important  aspects  of  care  pertain  more 
generally  to  the  care  of  all  patients  receiving 
invasive  mechanical  ventilation.  These  include 
the  early  and  successful  use  of  enteral  alimen¬ 
tation,  a  daily  sedation  awakening  trial,  delir¬ 
ium  screening  and  management,  early  mobility, 
and  treating  the  underlying  illness  such  as 
pneumonia. 

Evidence  Contour 

Several  aspects  of  management  in  the  patient 
with  ARDS  remain  without  consensus  in  the  face 
of  available  clinical  trials.  Several  of  these  are 


extensions  of  basic  lung  protective  ventilation 
and  essentially  are  attempts  to  find  the  optimal 
approach. 

Additional  Risk  Factors 

Vitamin  D  supplementation  in  critically  ill 
patients  who  are  severely  deficient  has  been 
shown  to  decrease  hospital  mortality  [14].  Low 
prehospital  levels  of  vitamin  D  are  associated 
with  an  increased  risk  of  respiratory  failure  [15], 
and  may  be  common  in  patients  at  risk  for  or  hav¬ 
ing  ARDS  [16].  The  NIH  PETAL  Network  in 
conducting  a  randomized  trial  of  high  dose  vita¬ 
min  D  in  deficient  patients  at  risk  for  ARDS. 

Cytomegalovirus  reactivation  (CMV)  is  com¬ 
mon  in  critically  ill  immunocompetent  patients 
and  portends  a  worse  outcome  in  patients  com¬ 
pared  to  CMV  negative  patients  [17].  In  one 
series,  immunocompetent  patients  with  ARDS 
were  found  to  have  a  histologic  evidence  of 
CMV  pneumonia  on  open  lung  biopsy  in  18  of 
37  cases  of  ARDS  [18].  A  NIH  sponsored  trial  is 
examining  whether  the  administration  of  ganci¬ 
clovir  improves  outcomes  in  CMV  antibody  pos¬ 
itive  patients  with  acute  respiratory  failure  and 
ARDS  [19]. 

Subgroups  and  Subphenotypes 

Because  ARDS  is  a  clinical  syndrome,  with  an 
array  of  risk  factors,  and  not  a  disease  per  se, 
attempts  have  been  made  to  evaluate  ARDS  sub¬ 
groups  from  several  standpoints.  Sepsis  induced 
ARDS  has  a  worse  outcome  than  that  due  to  other 
causes  [20].  As  is  evident  from  lung  biopsy  and 
autopsy  series  clinical  classification  as  either 
pneumonia  or  ARDS  is  frequently  at  odds  with 
tissue  findings  [3,  21].  In  addition  the  histopa- 
thology  likely  evolves  over  time,  with  pneumonia 
and/or  diffuse  alveolar  damage  yielding  to 
fibrotic  changes.  Rather  than  determining  which 
subcategory  of  ARDS  a  patient  manifests  on  the 
basis  of  causal  risk,  more  relevant  to  treatment 
and  outcome  may  be  subclassification  based  on 
clinical  manifestations.  ARDS  patients  demon- 
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strate  different  amounts  of  recruitable  lung  with 
administered  PEEP  [22].  Patients  showing 
improvements  in  oxygenation  due  to  lung  recruit¬ 
ment  with  PEEP  may  have  a  lower  mortality  than 
those  who  do  not  [23].  Additionally,  ARDS 
patients  with  a  hyperinflammatory  subphenotype 
have  a  higher  mortality  regardless  of  the  ascribed 
cause  for  ARDS  [24] .  It  remains  to  be  determined 
identification  of  subgroups  based  on  recruitabil- 
ity  or  hyperinflammatory  subphenotypes  repre¬ 
sent  different  histopathologies  (pneumonia 
versus  diffuse  alveolar  damage  versus  fibrosis)  or 
will  lead  to  improved  outcomes  by  varying  the 
approach  to  therapy  on  that  basis. 

Helmet  Ventilation 

Noninvasive  ventilation  with  a  helmet  interface, 
rather  than  the  more  conventional  face  mask,  was 
shown  in  a  pilot  randomized  trial  of  ARDS  patients 
to  decrease  the  rate  of  intubation.  This  observation 
awaits  confirmation  in  a  larger  trial  [24a]. 

Transpulmonary  Pressure 

Plateau  airway  pressure,  measured  after  a  deliv¬ 
ered  tidal  volume,  reflects  lung  and  chest  wall 
compliance.  The  contribution  of  the  chest  wall, 
which  includes  the  abdominal  compartment,  can 
confound  the  utilization  of  plateau  pressure  as  a 
guide  to  lung  protective  ventilation  by  suggesting 
the  lung  is  being  overdistended  when  in  fact  this 
is  not  the  case.  By  subtracting  an  estimation  of 
pleural  pressure  made  by  readings  taken  by  an 
esophageal  balloon  (Pes)  from  the  measured  pla¬ 
teau  pressure  (Ppiat)  an  estimate  of  transpulmo¬ 
nary  pressure  (PL)  may  be  determined  and  used  to 
guide  lung  protective  ventilation. 

p  =  p  -p 

A  L  A  plat  A  es 

A  mortality  benefit  was  observed  in  a  single 
center  randomized  trial  which  used  this  approach 
[25].  The  results  may  have  been  influenced  by  the 
enrollment  of  more  than  60%  post  abdominal 
surgery  patients,  a  population  in  whom  the 
abdominal  compartment  is  likely  to  make  a  sig¬ 
nificant  contribution  to  the  chest  wall  and  thereby 


Ppiat.  An  accompanying  editorial  suggested,  in 
reality,  this  approach  was  a  means  to  justify  the 
use  of  higher  PEEP  levels  than  customarily 
employed  (i.e.  >  22  cm  H20).  Also,  the  validity 
of  using  esophageal  pressure  as  an  estimate  of 
pleural  pressure  has  been  questioned  [26].  A 
larger,  multi-center  trial  is  being  conducted  to 
confirm  these  results  [27].  This  approach  can  be 
considered  in  patients  in  whom  the  chest  wall  is 
likely  contributing  to  alveolar  pressure,  such  as 
patients  who  are  post-operative  from  abdominal 
surgery,  are  morbidly  obese,  have  ascites  or  have 
a  chest  wall  deformity  such  as  scoliosis,  provided 
the  necessary  equipment  and  expertise  are 
available. 

Pressure  Limited  Mechanical 
Ventilation 

Pressure-limited  modes  of  mechanical  ventila¬ 
tion,  including  airway  pressure  release  ventila¬ 
tion  (APRV),  bi-level,  and  pressure-controlled 
inverse  ratio  ventilation  are  all  ways  of  providing 
lung  protective  ventilation.  Ostensibly,  pressure 
limited  modes  offer  an  advantage  of  less  varia¬ 
tion  in  transpulmonary  pressure  and  a  lower  tidal 
volume  to  functional  residual  capacity  alveolar 
strain  ratio,  which  would  be  offer  a  salutary  effect 
on  VALI  [28].  Additionally,  APRV  and  bi-level 
ventilation  offer  the  additional  putative  benefit  of 
allowing  spontaneous  breathing,  which  might 
help  prevent  ventilator-induced  respiratory  mus¬ 
cle  weakness  [29]  and  more  completely  ventilate 
lung  zones  near  the  diaphragm.  Despite  adher¬ 
ents,  to  date,  the  superiority  of  this  approach  to 
volume  cycled  ventilation  has  not  been  demon¬ 
strated  [30]. 

Neuromuscular  Blockade 

A  large,  multicenter  randomized  trial  demon¬ 
strated  a  mortality  benefit  in  patients  who 
received  48  h  of  neuromuscular  blockade  fol¬ 
lowing  the  onset  of  ARDS  [31].  Less  baro¬ 
trauma  was  observed  in  the  paralysis  group, 
whereas  a  greater  incidence  of  neuromuscular 
weakness  was  not.  Because  the  Kaplan-Meier 
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survival  curves  did  not  separate  until  14  days, 
the  mechanistic  benefit  of  this  approach  has 
been  challenged.  In  addition  this  study  has  been 
criticized  for  lacking  a  more  rigorous  approach 
to  the  assessment  of  neuromuscular  weakness. 
Some  support  is  given  to  this  study  by  a  data¬ 
base  analysis  study  which  demonstrated  a  mor¬ 
tality  benefit  in  patients  with  a  pulmonary 
source  of  sepsis  and  respiratory  failure  who 
underwent  neuromuscular  blockade  within  the 
first  48  h  for  reasons  other  than  intubation  [32]. 
Additionally,  in  an  animal  model  spontaneous 
breathing  caused  regional  alveolar  overdisten¬ 
sion  near  the  diaphragm  due  to  Pendelluft  venti¬ 
lation  which  did  not  occur  in  paralyzed  animals 
[33].  Hence  the  notion  that  spontaneous  breath¬ 
ing  provides  “better”  ventilation  to  lung  zones 
near  the  diaphragm  may  not  be  valid.  The  NIH 
sponsored  PETAL  (Prevention  and  early  treat¬ 
ment  of  acute  lung  injury)  Network  is  conduct¬ 
ing  a  clinical  trial  to  re-evaluate  whether 
neuromuscular  blockade  benefits  patients  with 
severe  ARDS. 

High  Frequency  Oscillatory 
Ventilation  (HFOV) 

Two  large,  randomized  multi-center  trials 
published  in  2012,  OSCILLATE  and  OSCAR, 
failed  to  show  benefit  to  this  clearly  open-lung 
approach  [34,  35].  Critics  suggested  that  con¬ 
cerns  regarding  volume  status  and  effects  on 
the  right  ventricle  may  have  contributed 
adversely  to  the  findings.  To  the  extent  that  the 
OSCILLATE  trial  showed  an  increased  mor¬ 
tality  in  the  HLOV  group  this  approach  cannot 
be  recommended  at  present  for  adults  with 
ARDS. 

Extra  Corporeal  Membrane 
Oxygenation  (ECMO) 

A  mortality  benefit  was  observed  in  the  British 
CESAR  trial  among  patients  randomized  to  be 
transported  to  the  specialty  center  to  receive 
ECMO  on  an  intent-to-treat  basis  [36].  As  the 
mortality  benefit  was  accounted  for  by  patients 


randomized  to  ECMO  who  did  not  receive 
ECMO,  concerns  regarding  whether  the  benefit 
seen  in  this  study  represents  the  modality  itself 
or  the  benefit  of  regionalization  of  care  to  a  spe¬ 
cialty  hospital  is  a  concern.  Use  of  ECMO  has 
been  prevalent  during  recent  H1N1  outbreaks, 
when  young  patients  with  few  if  any  co¬ 
morbidities  developed  ARDS  refractory  to  more 
commonplace  ventilator  approaches  to  oxygen¬ 
ation  [37].  Another  randomized  trial  of  ECMO 
in  ARDS  patients  is  currently  underway  in 
Europe  [38]. 

Corticosteroids 

Most  meta-analyses  have  not  suggested  con¬ 
firmed  a  mortality  benefit  to  the  use  of  cortico¬ 
steroids  in  patients  with  ARDS.  The  LaSRS 
study  performed  by  the  ARDS  Network  is  the 
largest  trial  to  date  examining  whether  cortico¬ 
steroids  benefit  ARDS  patients  [39].  No  mortal¬ 
ity  benefit  was  ultimately  observed  although  a 
significantly  greater  of  patient  days  alive  and 
off  assisted  breathing  (“ventilator- free  days”). 
An  initial  mortality  benefit  in  favor  of  the  ste¬ 
roids  may  have  been  lost  among  the  20  patients 
who  returned  to  assisted  breathing,  as  opposed 
to  6  in  the  control  group.  Whether  this  was  due 
to  tapering  steroids  after  weaning  or  the  devel¬ 
opment  of  neuromuscular  weakness  is  unclear. 
Although  an  increased  morality  was  seen  in 
LaSRS  among  patients  who  were  started  on  cor¬ 
ticosteroids  beyond  14  days  of  mechanical  ven¬ 
tilation  for  ARDS  the  confidence  intervals  were 
large.  This  has  resulted  in  some  authors  warn¬ 
ing  against  starting  corticosteroids  beyond  14 
days.  If  given,  corticosteroids  should  be  admin¬ 
istered  at  a  dose  of  1  mg  per  kg  body  weight 
twice  per  day  with  a  taper  over  28  days.  Tight 
glycemic  control  may  play  a  role  in  minimizing 
the  risk  of  neuromuscular  weakness  [40]. 
Corticosteroid  administration  may  result  in  pro¬ 
longed  viral  replication  in  patients  with  ARDS 
due  to  H1N1  influenza.  A  higher  mortality  has 
been  reported  in  observational  series  in  these 
patients  and  corticosteroid  administration  is 
best  avoided  early  on  in  the  care  of  influenza 
patients  with  ARDS  [41]. 
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Inhaled  Vasodilators 

Trials  of  inhaled  nitric  oxide  have  failed  to  yield 
positive  results.  Meta- analyses  have  suggested 
that  while  oxygenation  improves  not  mortality 
benefit  accrues  from  the  use  of  this  agent  [42]. 
Iloprost  (synthetic  PGI2)  also  increases  p02. 
However,  no  large  clinical  trials  have  been  per¬ 
formed  to  determine  if  improvements  are  also 
seen  in  a  clinically  meaningful  outcome  such  as 
mortality  or  ventilator- free  days  [43]. 
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Case  Presentation 

A  7  3 -year  old  male  smoker  with  a  past  medical 
history  of  coronary  artery  disease,  congestive 
heart  failure  and  COPD  on  home  oxygen  arrived 
in  the  emergency  department  with  difficulty 
breathing.  He  complained  of  gradually  increas¬ 
ing  shortness  of  breath  on  exertion  for  1  week 
and  cough  with  thick  yellow  sputum.  He  denied 
fever,  chills,  chest  pain,  orthopnea  or  paroxysmal 
nocturnal  dyspnea.  He  had  increased  the  use  of 
his  bronchodilators  as  directed  by  his  primary 
care  physician.  This  did  not  improve  his  symp¬ 
toms.  The  morning  of  admission,  he  woke  up  and 
was  unable  to  catch  his  breath.  He  called 
EMS.  Upon  arrival,  he  was  afebrile  with  BP 
160/80,  HR  130,  RR  36,  sP02  85%  on  4  L/min 
02.  Arterial  blood  gas  (ABG)  pH  7.24,  pC02  60, 
P02  55,  sp02  85  %.  He  was  awake,  yet  lethargic, 
tachypneic  and  using  accessory  muscles  of  respi¬ 
ration.  Chest  auscultation  revealed  regular  tachy¬ 
cardia,  poor  air  movement,  end-expiratory 
wheeze  and  no  crackles.  Chest  x-ray  demon¬ 
strated  hyperinflation  with  no  infiltrates. 

Question  What  is  the  immediate  approach  to 
this  patient  with  acute  respiratory  failure? 
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Answer  Non-invasive  positive  pressure 
ventilation. 

In  the  absence  of  absolute  contraindication,  all 
patients  with  acute  hypercapnic  respiratory  fail¬ 
ure  due  to  an  exacerbation  of  COPD  should  be 
treated  with  non-invasive  positive  pressure  venti¬ 
lation  (NIPPV).  This  patient  was  initiated  on 
NIPPV  with  pressure  support  of  12  cm  H20, 
PEEP  5  cm  H20,  and  FI02  of  0.5  via  a  full  face 
mask.  Oxygen  was  titrated  to  maintain  satura¬ 
tions  of  greater  than  90  %.  He  was  given  two  alb¬ 
uterol/ipratropium  nebulized  treatments  in  the 
first  30  min  of  his  arrival,  azithromycin  500  mg 
PO  once,  and  solu-medrol  60  mg  IV  once.  After 
1  h,  his  respiratory  rate  decreased  to  22  and  he 
was  no  longer  using  accessory  muscles.  ABG  on 
NIPPV  demonstrated  pH  7.33,  pC02  46,  p02  80, 
sp02  95  %.  He  was  admitted  to  the  intensive  care 
unit  for  continued  management.  By  hospital  day 
2,  respiratory  failure  resolved  and  he  was  trans¬ 
ferred  to  general  care. 

Principals  of  Management 
Diagnosis 

Acute  exacerbations  of  COPD  are  characterized 
by  sub-acute  or  acute  worsening  of  chronic  respi¬ 
ratory  symptoms.  Typical  symptoms  are  dyspnea, 
cough,  and  increased  sputum  purulence  and  vol¬ 
ume  [1].  Severity  of  symptoms  ranges  from  mild, 
which  may  improve  without  additional  medical 
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treatment,  to  severe  resulting  in  respiratory  fail¬ 
ure  or  death.  The  hallmark  of  COPD  exacerba¬ 
tions  is  airflow  obstruction,  dynamic 
hyperinflation  and  airways  inflammation,  often 
provoked  by  viral  or  bacterial  infections  or  envi¬ 
ronmental  triggers.  COPD  exacerbations  are 
associated  with  reductions  in  quality  of  life,  pro¬ 
gression  of  lung  disease,  and  increased  risk  of 
death.  In  a  longitudinal  study  of  2138  COPD 
patients;  mortality  during  follow-up  was  signifi¬ 
cantly  higher  in  those  with  one  or  more  hospital¬ 
ized  exacerbations  during  the  first  year  of 
follow-up  (15%),  as  compared  to  5%  in  those 
without  an  event  [2].  The  predicted  in  hospital 
mortality  of  a  COPD  exacerbation  is  10%  [3].  A 
severe  exacerbation  resulting  in  hypercapnic 
respiratory  failure  portends  a  2-year  mortality 
rate  approaching  50%  [3].  Indications  for  ICU 
admission  of  a  COPD  exacerbation  are  given 
below  [4] .  The  approach  to  treatment  of  an  acute 
exacerbation  of  COPD  with  hypercapnic  respira¬ 
tory  failure  requiring  intensive  care  unit  admis¬ 
sion  follows. 


metered  dose  inhaler  or  nebulizer;  however  nebu¬ 
lized  delivery  is  often  preferred  during  an  acute 
exacerbation  of  COPD  due  to  ease  of  administra¬ 
tion  for  persons  in  respiratory  distress.  Albuterol 
should  be  dosed  at  2.5  mg/  3  mL  via  nebulizer 
every  1-4  h  or  4-8  puffs  (90  meg  per  puff)  via 
MDI.  Ipratropium  bromide  is  dosed  at  500  meg 
by  nebulizer  every  4  h  or  2-4  puffs  (18  meg  per 
puff)  via  MDI  every  4  h.  There  is  no  advantage  to 
increasing  the  dose  of  nebulized  albuterol  to 
5  mg  and  continuous  nebulized  beta-agonists  are 
not  recommended  [6].  Side  effects  of  beta- 
adrenergic  agonists  include  tachycardia,  anxiety, 
tremors,  hypokalemia,  and  rarely  lactic  acidosis. 
Side  effects  of  short  acting  anti-cholinergic 
agents  include  dry  mouth,  urinary  retention  and 
exacerbation  of  narrow-angle  glaucoma.  There  is 
no  role  for  methylxanthines  such  as  aminophyl- 
line  for  treatment  of  hospitalized  patients  with 
COPD  exacerbations  [7,  8]. 

Systemic  Corticosteroids 


Indications  for  ICU  Admission 

•  Severe  dyspnea  that  responds  inade¬ 
quately  to  initial  emergency  therapy 

•  Changes  in  mental  status  (confusion, 
lethargy,  coma) 

•  Persistent  or  worsening  hypoxemia 
(Pa02<5.3  kPa,  40  mmHg)  and/or 
severe/worsening  respiratory  acidosis 
(pH <7.25)  despite  supplemental  oxy¬ 
gen  and  noninvasive  ventilation 

•  Need  for  invasive  mechanical  ventilation 

•  Hemodynamic  instability — need  for 
vasopressors 


Bronchodilators 

Short-acting  beta  adrenergic  agonists  (albuterol, 
levalbuterol)  are  potent  bronchodilators  with 
rapid  onset  of  action  and  are  first  line  therapy  for 
acute  exacerbation  of  COPD  [5].  Typically,  these 
are  combined  with  short  acting  anticholinergic 
agents  such  as  ipratropium  bromide.  Both  drugs 
can  be  administered  with  equal  efficacy  via 


When  added  to  bronchodilator  therapy,  systemic 
corticosteroids  improve  lung  function,  decrease 
treatment  failure  rates,  prevent  relapse,  and 
decrease  length  of  hospitalization  [9-11].  There  is 
no  significant  difference  in  clinical  outcomes  in 
hospitalized  patients  with  a  COPD  exacerbation 
treated  with  oral  versus  intravenous  corticoste¬ 
roids  [12].  The  dose  of  corticosteroids  and  length 
of  treatment  varies  widely  in  clinical  trials.  A  ran¬ 
domized  controlled  trial  (RCT)  in  patients  with 
acute  exacerbation  of  COPD  treated  in  the  emer¬ 
gency  department  randomized  patients  to  either  a 
5  day  course  or  a  14  day  course  of  prednisone 
40  mg  daily.  The  study  concluded  that  patients 
randomized  to  5  days  of  treatment  had  similar 
rates  of  relapse  within  6  months  and  this  was  non¬ 
inferior  to  a  longer  course  [13].  Given  the  short 
and  long  term  side  effects  of  systemic  corticoste¬ 
roids,  a  reasonable  approach  to  treatment  is  a  5 
day  course  of  40  mg  of  prednisone  for  most 
patients  [5].  In  critically  ill  patients  clinicians 
often  prescribe  higher  doses  with  little  evidence 
to  support  this  practice.  In  an  observational  study 
of  ICU  patients  with  COPD  exacerbations,  doses 
of  methylprednisolone  <240  mg  daily  compared 
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to  >240  mg  daily  resulted  in  a  slightly  shorter  hos¬ 
pital  and  ICU  length  of  stay  and  duration  of 
mechanical  ventilation  [14].  There  was  no  mortal¬ 
ity  difference.  There  is  not  enough  data  to  recom¬ 
mend  an  optimal  dose  of  corticosteroids  in  the 
ICU  setting. 

Antibiotics 

The  majority  of  COPD  exacerbations  are  due  to 
bacterial  or  viral  infections.  There  is  evidence 
that  viruses  and  bacteria  act  synergistically  to 
provoke  airways  inflammation  and  exacerbation 
[15].  Additionally,  new  strains  of  airway  bacteria 
have  been  shown  to  trigger  a  significant  inflam¬ 
matory  response  and  resultant  exacerbation  [16]. 
GOLD  and  European  Respiratory  Society  guide¬ 
lines  recommend  antibiotics  for  all  patients  with 
a  moderate  to  severe  COPD  exacerbation  and  for 
those  requiring  hospitalization  [5, 17].  Antibiotics 
reduce  the  risk  of  treatment  failure  and  length  of 
hospital  stay  in  persons  with  severe  exacerba¬ 
tions  [18].  For  example,  in  a  RCT  of  patients 
requiring  intubation  and  mechanical  ventilation, 
ofloxacin  was  compared  to  placebo  and  was 
found  to  decrease  mortality  (4  %  vs  22  %),  dura¬ 
tion  of  mechanical  ventilation  and  length  of  hos¬ 
pital  stay  [19].  The  antibiotic  regimen  prescribed 
should  target  common  bacterial  pathogens,  local 
patterns  of  resistance  and  risk  factors  for  P.  aeru¬ 
ginosa  infection  should  be  considered  [20,  21]. 
Treatment  courses  of  3-7  days  are  appropriate  in 
most  cases.  A  meta- analysis  comparing  5  days  to 
greater  than  7  of  antibiotics  (beta-lactams,  mac- 
rolides,  and  fluoroquinolones)  demonstrated  no 
difference  in  outcomes  and  fewer  drug  related 
adverse  events  in  those  with  5  day  course  [22]. 

Non-invasive  Positive  Pressure 
Ventilation  (NIPPV) 

NIPPV  refers  to  positive  pressure  ventilation 
through  a  nasal  or  oral  interface  as  opposed  to 
endotracheal  tube  or  tracheostomy  tube.  NIPPV 
can  be  delivered  through  standard  ICU  ventila¬ 
tors  or  a  variety  of  portable  devices.  Indications 
for  NIPPV  in  COPD  exacerbations  are  given 


below  [4].  The  most  commonly  used  mode  of 
ventilation  employed  in  acute  hypercapnic  respi¬ 
ratory  failure  associated  with  COPD  exacerba¬ 
tion  is  bilevel  positive  airway  pressure  (BPAP) 
where  an  inspiratory  positive  airway  pressure 
(IPAP)  and  expiratory  positive  airway  pressure 
(EPAP)  is  set.  Pressure  support,  assist  control  and 
proportional  assist  ventilation  are  other  options 
depending  on  the  available  device.  There  are  few 
studies  directly  comparing  NIPPV  modes  in 
acute  hypercapnic  respiratory  failure.  The  goals 
of  NIPPV  are  to  reduce  work  of  breathing, 
improve  minute  ventilation,  correct  hypercapnia 
and  avoid  endotracheal  intubation  while  maxi¬ 
mizing  patient  comfort.  There  are  several  avail¬ 
able  patient  interfaces,  full  face  mask,  oronasal 
mask,  nasal  mask,  and  nasal  pillows  [23].  In  a 
randomized  trial  of  26  patients  with  COPD  exac¬ 
erbations,  NIPPV  via  full  face  mask,  nasal  mask 
or  nasal  pillows  were  compared  [24].  The  nasal 
mask  was  best  tolerated  while  the  full  face  mask 
provided  the  greatest  physiologic  improvement. 
A  larger  study  comparing  the  nasal  to  orofacial 
mask  found  that  more  than  half  of  patients  with 
the  nasal  mask  needed  to  be  changed  to  the  face 
mask  most  often  due  to  air  leak  [25].  Based  upon 
these  studies,  when  initiating  NIPPV  for  acute 
hypercapnic  respiratory  failure,  full  face  mask  or 
oronasal  mask  are  the  preferred  approach.  NIPPV 
should  be  initiated  as  soon  as  possible  as  delays 
may  increase  the  likelihood  of  failure  and  need 
for  endotracheal  intubation  [26].  Indications  for 
invasive  mechanical  ventilation  are  shown  below 
and  include:  cardiac/respiratory  arrest,  altered 
mental  status,  inability  to  clear  secretions  and 
protect  the  airway,  non-respiratory  organ  failure, 
facial  deformity  or  trauma,  high  risk  of  aspira¬ 
tion,  recent  esophageal  surgery,  anticipation  of 
prolonged  need  for  mechanical  ventilation  [4,  27]. 
Need  for  emergent  intubation  is  an  absolute  con¬ 
tra-indication  to  NIPPV.  Altered  mental  status 
due  to  hypercapnia  is  an  exception.  These  patients 
should  be  closely  monitored.  Improved  pH  and 
PaC02  within  30  min  to  2  h  predicts  NIPPV  suc¬ 
cess  [28,  29].  If  there  is  no  improvement  in  men¬ 
tal  status  or  physiologic  variables  within  this  time 
frame,  the  patient  should  be  intubated  or  consider 
withdrawing  NIPPV  to  oxygen  therapy  alone. 
There  is  high  quality  evidence  that  NIPPV  for  the 
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treatment  of  acute  hypercapnic  respiratory  failure 
in  COPD  improves  important  clinical  outcomes. 
A  meta- analysis  including  14  randomized  con¬ 
trolled  trials  and  greater  than  700  patients  com¬ 
paring  standard  therapy  to  NIPPV  plus  standard 
therapy  in  acute  COPD  exacerbation  concluded 
that  NPPV  decreased  mortality  (11  %  vs.  21  %), 
intubation  rate  (16%  vs.  33  %)  and  reduced  hos¬ 
pital  length  of  stay  and  complications  related  to 
treatment  [30]. 

Indications  for  Noninvasive  Mechanical 

Ventilation 

At  least  one  of  the  following: 

•  Respiratory  acidosis  (arterial  pH <7.35 
and/or  PaCO2>6.0  kPa,  45  mmHg) 

•  Severe  dyspnea  with  clinical  signs  sug¬ 
gestive  of  respiratory  muscle  fatigue, 
increased  work  of  breathing,  or  both, 
such  as  use  of  respiratory  accessory  mus¬ 
cles,  paradoxical  motion  of  the  abdomen, 
or  retraction  of  the  intercostal  spaces 


Indications  for  Invasive  Mechanical 

Ventilation 

•  Unable  to  tolerate  NIV  or  NIV  failure 

•  Respiratory  or  cardiac  arrest 

•  Respiratory  pauses  with  loss  of  con¬ 
sciousness  or  gasping  for  air 

•  Diminished  consciousness,  psychomo¬ 
tor  agitation  inadequately  controlled  by 
sedation 

•  Massive  aspiration 

•  Persistent  inability  to  remove  respira¬ 
tory  secretions 

•  Heart  rate,  50  min  21  with  loss  of 
alertness 

•  Severe  hemodynamic  instability  without 
response  to  fluids  and  vasoactive  drugs 

•  Severe  ventricular  arrhythmias 

•  Life-threatening  hypoxemia  in  patients 
unable  to  tolerate  NIV 


Evidence  Contour 

NIPPV  Use  in  Individuals 
with  Do-Not-Intubate  Orders 

A  majority  of  the  randomized  controlled  trials 
demonstrating  efficacy  of  NIPPV  in  acute 
respiratory  failure  excluded  persons  with 
do-not-intubate  (DNI)  orders.  In  clinical  prac¬ 
tice,  NIPPV  is  routinely  used  in  such  individu¬ 
als.  Typically,  this  requires  treatment  in  a  high 
level  care  area  such  as  an  intensive  care  unit 
utilizing  resources  in  persons  where  this  ther¬ 
apy  has  unclear  benefit.  Observational  studies 
have  concluded  however  that  many  individuals 
with  acute  respiratory  failure  and  DNI  orders 
do  survive  hospitalization  when  treated  with 
NIPPV,  particularly  in  those  with  a  primary 
diagnosis  of  COPD  or  cardiogenic  pulmonary 
edema.  Hospital  survival  rates  vary  from  35  to 
43%  in  published  studies  [31,  32].  One  pro¬ 
spective,  observational  study  of  37  patients 
with  acute  hypercapnic  respiratory  failure  due 
to  acute  exacerbation  of  COPD,  DNI  orders, 
and  NIPPV  use  demonstrated  a  1-year  survival 
of  30%  [33]. 

NIPPV  After  Extubation 

In  an  unselected  patient  population,  the  use  of 
NIPPV  after  extubation  as  a  rescue  therapy  for 
respiratory  failure  did  not  prevent  the  need  for 
re-intubation  or  reduce  mortality  [34]. 
Individuals  with  high  risk  of  extubation  fail¬ 
ure,  such  as  those  with  COPD  and  hypercapnia 
during  spontaneous  breathing  trials  do  benefit 
from  early  use  of  NIPPV  after  extubation  [35-37] . 
Compared  to  standard  medical  therapy,  those 
receiving  NIPPV  at  the  time  of  extubation 
were  less  likely  to  require  re-intubation  and  90 
day  survival  was  greater.  NIPPV  should  be 
applied  routinely  and  immediately  after  extu¬ 
bation  of  COPD  patients  with  hypercapnia. 
The  benefits  of  NIPPV  after  extubation  or  as  a 
weaning  strategy  have  not  been  replicated  in 
other  conditions. 
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Case  Presentation 

A  25-year-old  woman  with  a  history  of  well  con¬ 
trolled  asthma  presented  to  the  emergency  depart¬ 
ment  with  shortness  of  breath,  wheezing,  and  sore 
throat  over  4  days.  Her  wheezing  and  shortness  of 
breath  had  worsened  despite  the  use  of  inhaled 
short  acting  beta  agonist  every  1-2  h.  Typically, 
she  had  been  maintained  on  high  dose  inhaled 
corticosteroids  and  a  long  acting  beta  agonist  with 
good  control.  She  had  a  history  of  exacerbations 
with  upper  respiratory  tract  infections.  She  was 
evaluated  in  pulmonary  clinic  where  she  was 
noted  to  have  tachypnea  and  increased  work  of 
breathing  despite  administration  of  a  nebulized 
short  acting  beta  agonist.  She  was  subsequently 
sent  to  the  emergency  department. 

In  the  emergency  department,  she  was  found  to 
be  in  respiratory  distress.  Continuous  albuterol 
and  intravenous  corticosteroids  were  adminis¬ 
tered.  Arterial  blood  pH  measured  7.5  and  partial 
pressure  of  carbon  dioxide  and  oxygen  while 
breathing  ambient  air  were  30  and  65,  respectively. 
Despite  the  above  treatment,  the  patient’s  respira- 
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tory  status  continued  to  worsen,  and  she  required 
endotracheal  intubation  and  mechanical  ventila¬ 
tion.  Initial  ventilator  settings  were:  tidal  volume 
of  450  ml,  respiratory  rate  of  20,  fraction  of 
inspired  oxygen  (FI02)  of  0.40  and  a  positive  end 
expiratory  pressure  (PEEP)  of  5  cm  of  water.  Peak 
airway  pressure  during  a  passive  breath  measured 
at  65  cm  of  water;  with  a  pressure  during  an  end 
expiratory  hold  (plateau  pressure)  of  15  cm  of 
water.  Continuous  infusion  of  benzodiazepines 
and  opiates  provided  sedation.  She  was  admitted 
to  the  intensive  care  unit  for  further  management. 

In  the  evening,  the  intensivist  received  a  call 
regarding  hemodynamic  instability.  The  patient’s 
pulse  rate  was  150  beats  per  minute  with  a  systolic 
blood  pressure  measuring  70  mm  of  Hg.  Chest  x-ray 
and  thoracic  ultrasound  show  no  evidence  of  pneu¬ 
mothorax.  Breath  sounds  were  diminished  but  equal 
bilaterally  with  expiratory  wheezing.  Pressure  mea¬ 
sured  at  airway  opening  during  end  inspiratory  and 
end  expiratory  holds  are  45  and  25,  respectively. 

Question  What  is  the  next  step  in  the  manage¬ 
ment  of  this  patient? 

Answer  Disconnect  the  ventilator  to  allow 
exhalation  of  trapped  air. 

The  patient  has  life-threatening  accumulation 
of  air  within  the  thorax,  commonly  referred  to  as 
“air  trapping”  or  “auto-PEEP”.  Pneumothorax 
would  have  a  similar  presentation,  but  it  was 
excluded  by  chest  x-ray  and  bedside  ultrasound. 
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Fig.  23.1  Incomplete  exhalation  of  delivered  tidal  vol¬ 
ume.  Above  is  a  flow  volume  curve  of  an  asthmatic  patient 
on  volume  cycled  mechanical  ventilation.  The  patient  is 
still  exhaling  the  prior  tidal  volume  at  the  time  of  the 
delivery  of  the  next  breath  (see  arrow).  Ideally,  the  exhala¬ 
tion  phase  flow  rate  would  return  to  0  (complete  emptying 
of  tidal  volume)  prior  to  delivery  of  the  next  breath.  The 
entrapped  volume  remains  in  the  thorax  and  can  accumu¬ 
late  and  cause  sequela  of  air  trapping 

Due  to  the  patient’s  bronchospasm,  she  has  an 
extremely  prolonged  expiratory  phase,  which  leads 
to  premature  delivery  of  mechanical  breaths  prior 
to  full  exhalation  of  the  previous  breath  (Fig.  23.1). 

Over  time,  air  accumulates  and  becomes 
“trapped”  within  the  relatively  fixed  thoracic 
cage  volume.  Eventually,  residual  air  increases 
the  intrathoracic  pressure  (see  ideal  gas  law 
below  for  pathophysiologic  explanation). 


From  this  relationship,  if  the  amount  of  gas  is 
increased  (n)  in  a  fixed  volume  (V,  in  this  case 
the  thoracic  cage)  at  a  constant  temperature, 
pressure  will  increase.  If  left  uninterrupted,  the 
increase  in  thoracic  pressure  will  overcome  the 
venous  return  pressures  in  the  superior  and  infe¬ 
rior  vena  cava.  Preload  insufficiency  and 
decrease  in  cardiac  output  ensue,  leading  to  a 
state  of  obstructive  shock.  This  trapped  air  can¬ 
not  be  discharged  while  mechanical  breaths 
continue  to  be  administered;  such  as  in  this  case 
with  the  timed  volume  supported  setting  of 
mechanical  ventilation.  Thus,  disconnection  of 
the  ventilator  tubing  from  the  endotracheal  tube 
and  allowing  the  trapped  air  to  passively  escape 
via  an  open  endotracheal  tube  remedies  this 
emergency. 

The  presence  of  clinically  significant  air 
trapping  can  be  determined  by  measuring  the 
pressure  at  airway  opening  (i.e.  the  pressure 
detected  in  the  ventilator)  at  the  end  of  exhala¬ 
tion.  The  total  positive  end  expiratory  pressure, 
or  PEEP,  which  is  composed  of  the  PEEP  set  on 
the  mechanical  ventilator  in  combination  with 
the  pressure  exerted  by  trapped  air,  or 
“auto-PEEP”. 

T  otal  PEEP  =  V  entilator  PEEP  +  auto-PEEP 


Ideal  Gas  Law 

PV  =  nRT 

P= pressure,  V= Volume,  n  =  gas  amount 
(moles),  R= constant,  T  =  temperature. 


Any  pressure  measured  above  the  ventilator 
set  PEEP  is  evidence  for  some  degree  of  air 
trapping. 

Auto  peep  also  elevates  the  pressure  at  airway 
opening  during  an  end  inspiratory  hold  (plateau 
pressure)  by  the  below  formula  (simplified  from 
Truwit  et  al.  [1]). 


Peak  airway  pressure  =  (FxR)  +  (TV  /  C)  +  set  PEEP  +  auto-PEEP 


Furthermore,  the  volume  of  trapped  air  can 
be  directly  measured  and  is  a  sensitive  indicator 
for  risk  of  hypotension  from  air  trapping  [2] 
(see  section  “Monitoring  for  Hyperinflation” 
and  Fig.  23.2). 

Air  trapping  can  be  avoided  by  minimizing  the 
tidal  volume  and/or  increasing  the  gas  flow  rate 
from  the  ventilator.  Additionally,  minute  ventila¬ 


tion  can  be  further  decreased  by  reducing  the 
delivered  respiratory  rate,  which  may  require 
heavy  sedation  or  neuromuscular  blockade.  Any 
decrease  in  the  amount  of  air  that  needs  to  be 
exhaled,  or  increase  in  the  amount  of  time  avail¬ 
able  for  exhalation,  is  useful.  When  resuming 
mechanical  ventilation  in  this  patient  after  dis¬ 
charge  of  the  trapped  air,  she  should  be  treated 
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Fig.  23.2  Air  trapping  during  mechanical  ventilation  in 
an  asthmatic  patient.  During  tidal  ventilation,  the  lung 
volume  never  returns  its  physiologic  starting  point,  the 
FRC.  Measurement  of  the  volume  of  trapped  air  (VEE)  has 
been  studied  in  asthmatic  patients  while  receiving 
mechanical  ventilation  and  pharmacologic  paralysis.  At 
the  end  of  a  mechanical  tidal  breath,  the  respiratory  rate  is 
set  to  zero  and  the  volume  of  expired  air  is  measured  until 
flow  reaches  zero.  Williams  and  colleagues  have  shown 
that  neither  barotrauma  nor  hypotension  occur  when  the 

with  substantially  lower  minute  ventilation  either 
by  a  decreased  respiratory  rate  and/or  tidal 
volume. 

Principles  of  Management 

Inhaled  Bronchodilators 

Inhaled  short  acting  bronchodilators  are  the 
mainstay  of  treatment  of  an  asthma  exacerbation. 
Most  commonly,  inhaled  short  acting  beta-2  ago¬ 
nists  such  as  albuterol,  levalbuterol,  or  salbuta- 
mol  are  employed.  These  medications  target  the 
underlying  physiologic  cause  of  respiratory  fail¬ 
ure,  bronchospasm.  They  do  not,  however,  treat 
the  underlying  inflammatory  insult  which  causes 
bronchospasm.  Albuterol  is  the  most  commonly 
used  short  acting  bronchodilator  in  the  United 
States.  In  the  most  serious  cases,  it  can  be  used  as 
a  continuous  nebulized  inhaled  solution.  No  data 
exists  in  regards  to  withholding  short  acting 
bronchodilators  during  an  asthma  exacerbation 
and  equipoise  does  not  exist  for  such  study  given 
the  presumed  obvious  benefit.  A  meta-analysis 
showed  no  advantage  of  continuous  administra¬ 
tion  of  beta  agonists,  as  compared  to  intermittent 
administration,  in  acute  asthma  [3].  Likewise,  a 
controlled  trial  in  the  subset  of  severe  asthma 
failed  to  show  benefit  of  continuous  beta  agonists 


volume  of  trapped  air  is  less  than  1.4  L  or  15  cc/kg  [2]. 
Note  this  has  only  been  verified  in  the  paralyzed  patient. 
FRC  functional  residual  capacity,  VEE  end-expiratory  lung 
volume  above  FRC  (i.e.  the  volume  of  trapped  gas),  VEI 
end  inspiratory  lung  volume,  VT  tidal  volume  (Reprinted 
with  permission  of  the  American  Thoracic  Society. 
Copyright  ©  2015  American  Thoracic  Society.  Williams 
et  al.  [2].  The  American  Journal  of  Respiratory  and 
Critical  Care  Medicine  is  an  official  journal  of  the 
American  Thoracic  Society) 

as  compared  to  treatments  every  20  min  followed 
by  treatments  every  hour  [4].  For  the  even  smaller 
subset  of  life  threatening  asthma,  no  prospective 
data  exists  in  adults  to  our  knowledge. 

Addition  of  inhaled  short  acting  anticholiner¬ 
gic  medications  to  administration  of  short  acting 
beta  agonists  improve  pulmonary  mechanics  [5] 
as  well  as  decrease  admission  rates  [6]  in  patients 
with  severe  asthma,  and  are  recommended  by  a 
panel  of  experts  [7].  No  data  exists  in  patients 
receiving  mechanical  ventilation,  though  use  of 
anticholinergic  may  theoretically  decrease  hyper¬ 
secretion  of  mucus  and  mucus  plugging,  a  find¬ 
ing  common  in  fatal  asthma  [8]. 

Corticosteroids 

Corticosteroids  are  administered  during  an 
asthma  exacerbation  to  decrease  the  inflamma¬ 
tion  that  leads  to  bronchospasm.  Meta-analysis 
has  shown  a  benefit  of  steroid  therapy  in  adults 
with  acute  asthma  [9].  No  good  data  exist  for  the 
optimal  dose  of  corticosteroids,  but  2  mg/kg  of 
methylprednisolone  or  fhe  equivalent  is  recom¬ 
mended  by  an  expert  panel  [7] .  In  a  randomized 
trial,  no  benefit  was  demonstrated  with  high  dose 
(500  mg  methylprednisolone)  versus  standard 
dose  (100  mg  methylprednisolone)  corticoste¬ 
roids  [10]. 
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Monitoring  of  Arterial  Blood  Gases 

Arterial  blood  gases  are  monitored  during  status 
asthmaticus  in  the  spontaneously  breathing 
patient.  In  a  patient  with  adequate  respiratory 
reserve  during  an  asthma  exacerbation,  an  arte¬ 
rial  blood  gas  typically  shows  respiratory  alkalo¬ 
sis.  A  normal  pH  and  partial  pressure  of  carbon 
dioxide  with  a  high  work  of  breathing,  respira¬ 
tory  acidosis,  or  normalization  of  the  pH  after  an 
initial  respiratory  alkalosis  are  all  harbingers  of 
impending  respiratory  embarrassment,  and  esca¬ 
lation  of  support  with  adjunctive  treatments  and / 
or  invasive  mechanical  ventilation  should  be 
initiated. 

Ventilator  Strategies 

Strategies  for  asthmatic  patients  on  mechanical 
ventilation  hinge  on  the  avoidance  of  hyperventi¬ 
lation,  or  air  trapping,  as  illustrated  in  our  case. 
Indeed,  hypotensive  and  mechanical  complica¬ 
tions  are  related  to  the  volume  of  gas  enclosed  in 
the  thorax  above  functional  residual  capacity 


rate,  which  increases  the  time  of  exhalation. 
Adjustment  of  the  ratio  of  inspiratory  time  to 
expiratory  time  by  adjusting  the  flow  rate  (i.e. 
60-100  L/min)  or  shape  (accelerating  to  square) 
also  increase  the  amount  of  exhalation  time,  how¬ 
ever  the  incremental  benefit  as  compared  to 
decreasing  the  respiratory  rate  is  minimal  at  low 
tidal  volumes  [11].  Increased  flows  can  also 
increase  spontaneous  respiratory  rates  in  some 
mechanically  ventilated  patients,  which  would 
outweigh  any  incremental  benefit  [12].  As  a  start¬ 
ing  setting,  a  minute  ventilation  of  10  L  per  min¬ 
ute  or  less  and  a  respiratory  rate  of  10-14  breaths/ 
minute  are  reasonable  [13].  Vigilant  monitoring 
for  the  efficacy  of  ventilator  settings  is  needed 
and  is  discussed  in  the  section  “Monitoring  for 
Hyperinflation”. 

Permissive  Hypercapnia/ 
Hypoventilation 

During  permissive  hypoventilation,  hypercarbia 
often  develops  as  the  minute  ventilation  provided  is 
not  adequate  to  eliminate  the  produced  carbon  diox- 


Single  breath  inspiratory  time  =  Tidal  volume  /  Ventilator  flow  rate 
Minute  ventilation  =  Tidal  volume  x  Respiratory  rate 


(FRC)  at  end  exhalation  [2]  (please  see  section 
“Monitoring  for  Hyperinflation”).  Entrapment  of 
supra-physiologic  gas  volumes  is  best  avoided  by 
allowing  for  full  exhalation  of  tidal  volumes  and 
return  to  FRC.  Unfortunately,  with  severe  airway 
obstruction  the  exhalation  time  required  to  fully 
empty  the  lung  to  FRC  can  be  extremely  pro¬ 
longed.  To  allow  full  exhalation,  clinicians  can 
either  decrease  the  tidal  volume  of  the  inspired 
breath,  or  allow  additional  time  for  exhalation.  In 
other  words,  maximization  of  expiratory  time  is 
key.  Whatever  isn’t  inspiratory  time  is  expiratory 
time. 

To  this  end,  clinicians  can  decrease  tidal  vol¬ 
ume  in  order  to  decrease  the  air  volume  that 
needs  to  be  exhaled,  or  decrease  the  respiratory 


ide.  In  a  patient  with  spontaneous  respiration  on  the 
ventilator,  hypercarbia  will  often  lead  to  an 
increased  respiratory  rate,  which  may  be  detrimen¬ 
tal  (see  ventilator  strategies).  Often,  deep  sedation 
or  paralysis  is  needed  to  allow  for  permissive  hyper¬ 
capnia  (or  permissive  hypoventilation).  Elevation  in 
carbon  dioxide  on  arterial  blood  gas  should  be  toler¬ 
ated;  with  a  goal  arterial  blood  pH  above  7.15  [14]. 
If  the  pH  drops  below  7.15,  sodium  bicarbonate  or 
THAM  infusions  can  be  utilized.  Minute  ventila¬ 
tion  can  be  increased  cautiously  if  there  is  no  sig¬ 
nificant  hyperinflation.  If  life-threatening  changes 
in  pH  continue,  further  strategies  include  deeper 
sedation  or  paralysis  to  minimize  carbon  dioxide 
production  by  muscular  tissues.  In  the  rare  case  that 
these  treatments  are  inadequate,  extracorporeal  life 
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support  (ECLS)  can  be  utilized  for  C02  removal 
(see  evidence  contour). 

Monitoring  for  Hyperinflation 

A  thorough  understanding  of  respiratory  pres¬ 
sures  generated  during  mechanical  ventilation  is 
requisite  to  understand  the  pathophysiology  of 
asthma  during  mechanical  ventilation.  Peak  air¬ 
way  pressure  is  the  combination  of  several  com¬ 
ponents,  as  discussed  below.  These  pressures  can 
ONLY  be  measured  in  a  mode  with  constant  tidal 
volumes  (i.e.  not  a  pressure  mode). 

Respiratory  causes  of  death  from  status  asth¬ 
maticus  often  stem  from  circulatory  collapse  or 


mechanical  complications  of  invasive  mechani¬ 
cal  ventilation,  which  are  typically  caused  by  air 
trapping  and  pneumothorax  respectively. 
Avoidance  of  these  complications  requires  moni¬ 
toring  for  hyperinflation.  Indeed,  the  volume  of 
trapped  air  above  functional  residual  capacity 
(FRC)  at  end  exhalation  correlates  with  risk  for 
pneumothorax  and  hypotension  (see  Fig.  23.1) 
[2].  However,  measuring  this  volume  in  clinical 
practice  is  difficult  due  to  lack  of  familiarity  with 
the  technique  needed  (see  Fig.  23.2  for  full 
discussion). 

Plateau  pressure,  Auto-PEEP,  and  analysis  of 
flow  volume  curves  are  used  as  surrogates  to 
directly  measuring  the  entrapped  air  volume  above 
FRC.  Interestingly,  plateau  pressure  and  Auto- 


Determination  of  Components  of  Peak  and  Plateau  Airway  Pressure  in  the  Absence  of  Patient 
Effort  [1] 

Peak  pressure  =  Pressure  to  overcome  airways  resistance  +  Pressure  to  inflate  lungs  +  total  PEEP 
Ohm’s  law,  or  Pressure  needed  to  overcome  airways  resistance 

Presistace  -  Flow  x  Resistance  of  airways 

Compliance  (definition)  =  Volume  /  Pressure 

(Note  compliance  is  of  respiratory  system,  which  includes  the  lungs  as  well  as  external  compli¬ 
ance  from  abdomen  and  chest  wall) 

^compliance  =  Tidal volume  /  Compliance(lugs+softt  issues) 

From  previous  PEEP  discussion 

T otal  PEEP  =  Set  PEEP  +  Auto-PEEP 

Peak  airway  pressure  =  (FxR)  +  (  TV  /  C )  +  set  PEEP  +  auto-PEEP  * 

Plateau  Pressures 

During  an  inspiratory  hold  at  the  end  of  a  full  tidal  volume  (plateau  pressure),  the  flow  is 
zero,  eliminating  the  first  term  in  the  equation  so 

Plateau  pressure  =  TV  /  C  +  set  PEEP  +  auto-PEEP  *  * 

Thus 

Peak  airway  pressure  -  Plateau  pressure  =  pressure  needed  to  overcome  airways  resistance; 
and  plateau  pressure  is  an  indicator  of  compliance  and  total  PEEP 
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PEEP  did  not  correlate  with  barotrauma  or  hypoten¬ 
sive  complications  in  a  single  study  of  mechanically 
ventilated  asthmatic  patients  [2],  despite  having 
some  correlation  with  end  inspiratory  lung  volume 
(VEi)  [15].  However,  monitoring  of  these  parame¬ 
ters  is  advocated  by  experts  as  a  surrogate  for  direct 
measurement  of  trapped  air  volume,  with  goals 
being  auto-PEEP  as  low  as  possible  and  plateau 
pressures  less  than  30  cm  H20  [11,  16]. 

Plateau  pressure  is  reflective  of  the  pressure 
“seen”,  collectively  as  an  average,  by  the  alveoli 
and  it  is  this  increased  pressure  that  causes  alveo¬ 
lar  rupture  and  pneumothorax.  In  pure  asthma  in 
the  non-obese  patient,  lung  and  thoracic  cage 
compliance  is  normal;  therefore  if  plateau  pres¬ 
sure  is  elevated  it  is  likely  secondary  to  air  trap¬ 
ping  and  auto-PEEP  or  pneumothorax. 

Auto-PEEP  is  the  difference  of  the  measured 
end-expiratory  pressure  and  the  set  PEEP  on  the 
ventilator,  which  is  measured  with  an  end  expi¬ 
ratory  hold.  Exhalation  is  usually  passive, 
although  a  mechanically  ventilated  patient  with 
asthma  who  is  not  paralyzed  may  attempt  active 
exhalation  and  thereby  falsely  elevate  auto- 
PEEP.  If  there  is  air  trapped  within  the  thorax,  it 
will  increase  pressure  due  to  the  increased 
amount  of  gas  within  a  fixed  thoracic  cage  (see 
previous  discussion  of  ideal  gas  law  in  case 
answer).  Should  this  complication  develop  and 
cause  hemodynamic  deterioration,  the  best  solu¬ 
tion  is  transient  disconnection  of  the  mechanical 
ventilator  to  eliminate  further  inspired  air  and 
allow  for  full  exhalation  of  the  trapped  air. 
Alternatively,  these  emergent  complications  are 
avoided  by  permissive  hypoventilation  and  dili¬ 
gent  monitoring  for  air  trapping  by  regularly 
measurement  of  auto-PEEP  and  plateau  pres¬ 
sures.  Air  trapping  can  be  seen  on  a  breath  to 
breath  basis  when  a  mechanical  breath  is  deliv¬ 
ered  without  the  expiratory  flow  returning  to 
zero  on  a  flow  time  curve  (Fig.  23.1). 

Peak  airway  pressures  are  often  extremely 
elevated  in  patients  with  asthma  during  mechani¬ 
cal  ventilation  due  to  the  resistive  force  of  con¬ 
stricted  airways  (Ohm’s  law:  Pressure  =  Flow  x 
Resistance).  If  increased  flows  are  used  to  extend 
exhalation  time,  this  will  likewise  raise  peak 
airway  pressure  (see  equation  above). 


However,  this  pressure  is  merely  the  pressure 
needed  to  overcome  the  airway  resistance  and  is 
NOT  transmitted  to  the  alveolus.  It  is  the  plateau 
pressure,  not  the  peak  airway  pressure,  that  is  a 
marker  of  alveolar  pressure  and  hence  an  indica¬ 
tor  of  risk  for  pneumothorax.  Note  that  elevated 
plateau  pressure  will,  by  default,  cause  an  ele¬ 
vated  peak  airway  pressure.  An  elevated  peak  air¬ 
way  pressure  with  a  normal  plateau  pressure  in  a 
patient  with  asthma  is  not  worrisome  and  does 
not  require  specific  intervention. 


Recognizing  Barotrauma 

Pneumothorax  can  occur  and  will  create  similar 
hemodynamic  instability  and  increased  plateau 
airway  pressures  as  an  air  trapping  emergency 
such  as  seen  in  the  clinical  case  above.  A  low 
threshold  is  needed  for  investigation  or  treatment 
of  pneumothorax  especially  in  an  abrupt  decline 
in  clinical  status  or  exam  signs  of  pneumothorax 
(crepitus,  deviated  trachea,  asymmetric  breath 
sounds)  develop.  Pleural  ultrasound  can  yield 
rapid  bedside  evaluation  of  suspected  pneumo¬ 
thorax.  Lung  sliding,  when  seen  at  all  intercostal 
spaces  examined,  essentially  rules  out  pneumo¬ 
thorax  [17].  Absence  of  lung  sliding,  while  con¬ 
sistent  with  pneumothorax,  is  only  78%  specific 
for  pneumothorax  due  to  multiple  false  positives 
[17].  When  seen,  lung  point  is  nearly  100%  spe¬ 
cific,  and  therefore  the  most  reliable  confirmatory 
ultrasonographic  sign  for  pneumothorax  [17] 
(Video  23.1). 

At  the  beginning  of  the  video  lung  sliding  is 
seen.  When  lung  sliding  is  visualized,  it  rules  out 
pneumothorax  at  the  interspace  examined. 
Absence  of  lung  sliding  does  not  confirm  pneu¬ 
mothorax  with  acceptable  specificity  for  inter¬ 
vention.  Midway  through  the  video,  sliding  can 
be  seen  to  continue  on  the  left-most  part  of  the 
screen  where  it  vanishes  on  the  right  of  the 
screen.  The  point  of  transition  of  normal  sliding 
lung  (normal  pleura  opposing  chest  well)  to  that 
of  no  lung  sliding  (lack  of  pleural  contact  with 
chest  wall)  is  referred  to  as  a  “lung  point”.  This 
ultrasonographic  sign,  when  seen,  is  nearly 
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100%  specific  [17]  and  a  reliable  bedside  sign  to 
justify  tube  thoracostomy  if  indicated. 


Evidence  Contour 

Adjuvant  Pharmacologic  Treatments 

Adjuvant  pharmacologic  treatments  are  used  to 
stave  off  mechanical  ventilation  or  salvage  some¬ 
one  failing  ventilator  support  such  that  they  can¬ 
not  be  successfully  oxygenated  or  hypercapnic 
acidosis  has  become  profound. 

Magnesium 

Intravenous  magnesium  sulfate  has  been  pro¬ 
moted  for  patients  with  life-threatening  asthma. 
Meta-analyses  have  demonstrated  an  improve¬ 
ment  in  air  flow  [19,  20]  and  hospitalization 
rates  in  adults  with  acute  asthma  [19].  A  recent 
randomized  controlled  trial  in  the  subset  of 
severe,  acute  asthma  showed  no  significant  clini¬ 
cal  benefit  for  magnesium  sulfate  infusion  or 
nebulized  inhalation  [21].  Trials  for  the  even 
smaller  subset  of  life  threatening  asthma  or 
impending  respiratory  failure  do  not  exist.  It  is 
noted  nearly  all  trials  involve  a  single  adminis¬ 
tered  dose  in  the  emergency  room.  We  advocate 
for  the  adjunctive  use  of  intravenous  infusion  of 
2  g  magnesium  sulfate  given  the  supportive 
meta- analyses  of  airflow  improvement  in  patients 
with  impending  or  current  respiratory  failure 
because  even  small  improvements  in  airflow  can 
improve  air-trapping  and  respiratory  reserve  in 
patients  with  extremely  impaired  obstructive 
physiology. 

Intravenous  Bronchodilators 

Terbutaline  and  isoproterenol  can  be  used  as 
infusions  for  refractory  asthma  unresponsive 
to  typical  measures,  if  tolerated  by  the  heart 
rate.  Limited  data  exists  for  the  use  of  these 
agents  [22]. 


Lactic  Acidosis  from  Beta  Agonist 

Type  B  lactic  acidosis  from  inhaled  beta  agonists 
does  occur,  is  common,  and  is  related  to  serum 
albuterol  level,  and  is  NOT  a  predictor  of  worse 
clinical  outcomes  [23,  24] 

Due  to  their  efficacy,  in  patients  with  life- 
threatening  asthma  beta  agonist  medications  can¬ 
not  be  avoided  and  the  lactic  acidosis  this  is 
simply  tolerated. 

Heliox 

Helium  decreases  viscosity  of  air  allowing  it  to 
travel  more  efficiently  through  small,  constricted 
airways  [25].  Heliox  is  a  mixture  of  helium  and 
oxygen  which  can  be  inhaled  as  a  salvage  maneu¬ 
ver  for  impending  respiratory  failure  to  prevent 
intubation  as  a  temporizing  measure.  Routine  use 
in  adult  asthma  exacerbations  is  not  supported  by 
meta- analysis  [26,  27].  In  the  subset  of  patients 
with  status  asthmatics,  heliox  has  been  shown  to 
improve  oxygenation  presumably  by  improved 
V/Q  matching  [28],  It  is  noted  if  there  is  concom¬ 
itant  hypoxemia  such  as  from  pneumonia,  there 
is  a  limitation  in  the  amount  fraction  of  inspired 
oxygen  (Fi02)  which  can  be  provided  as  the 
remaining  fraction  is  needed  for  helium  to  exert 
is  effect  on  the  viscosity  of  ambient  air.  In  a 
patient  with  impending  respiratory  failure,  a 
short  trial  of  heliox  with  frequent  clinical  moni¬ 
toring  can  be  attempted  given  the  difficulties  and 
potential  complications  of  asthmatic  patients  dur¬ 
ing  mechanical  ventilation. 

Noninvasive  Positive  Pressure 
Ventilation  (NIV) 

Noninvasive  positive  pressure  ventilation  in  an 
asthmatic  patient  at  risk  of  intubation  may  be  use¬ 
ful  to  allow  acute  pharmacologic  therapies  to  take 
effect,  although  data  for  this  approach  is  limited 
[29].  Any  asthma  patient  on  NIV  should  be  moni¬ 
tored  in  the  intensive  care  unit  with  close  clinical 
monitoring  including  serial  measures  of  arterial 
blood  gases.  Trials  of  NIV  should  be  short  (1-2  h) 
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and  a  low  threshold  for  endotracheal  intubation 
and  mechanical  ventilation  is  needed  among 
patients  who  deteriorate  or  fail  to  improve. 

Avoidance  of  mechanical  ventilation,  while 
desirable,  must  be  balanced  with  the  risk  of  wait¬ 
ing  too  long  and  developing  an  emergent  airway, 
which  ultimately  may  be  more  dangerous  for  the 
patient. 


Anesthetics 

Some  inhaled  and  infusion  anesthetics,  such  as  halo- 
thane,  isoflurane,  enflurane,  and  sevoflurane,  have 
bronchodilatory  properties  and  have  been  used  in 
refractory  status  asthmaticus  [30,  31].  Intravenous 
ketamine  may  be  useful  if  the  patient  is  also  mechan¬ 
ically  ventilated  as  it  can  be  used  concomitantly  as  a 
sedative  [32-34].  Familiarization  with  the  contrain¬ 
dications  and  side  effects  of  these  medications  are 
required  if  the  Intensivist  intends  to  use  this  medica¬ 
tion,  and  may  require  local  credentialing. 

Inhaled  anesthetics  can  be  used  as  a  salvage 
technique;  however,  the  logistics  needed  for  con¬ 
tinuous  delivery  are  not  trivial;  though  in  refrac¬ 
tory  cases  this  may  be  preferable  to  extracorporeal 
life-support  (ECLS)  especially  if  this  technology 
is  not  available  at  the  treating  center.  Consultation 
with  an  anesthesia  provider  is  requisite  if  inhaled 
anesthetics  are  utilized  in  the  ICU. 


Bronchoscopy 

Plugging  of  airways  by  mucus  and  cellular  debris 
is  a  common  finding  in  autopsy  of  fatal  asthma 
[8].  Use  of  bronchoscopy  for  refractory  asthma 
patients  receiving  mechanical  ventilation  has 
been  described  in  case  reports  with  favorable  out¬ 
comes  [35].  Creation  of  a  one-way  valve  by 
mucus,  such  as  a  check  valve  phenomenon  that 
can  be  seen  in  COPD,  to  our  knowledge  has  not 
been  reported  in  asthma.  One  case  of  unilateral 
asthma  has  been  described,  however  it  was  not 
felt  to  be  due  to  check  valve  mechanism  [36]. 
Regardless,  if  regional  air  trapping  is  seen  on  a 
radiograph  (such  as  seen  in  Fig.  23.3)  bronchos¬ 
copy  is  indicated  for  secretion  clearance. 


Fig.  23.3  Unilateral  left  lung  asthma.  If  regional  asthma  or 
air  trapping  is  seen,  such  as  on  the  above  radiograph,  bron¬ 
choscopy  is  indicated  for  secretion  clearance  (From  DiFrancia 
et  al.  [36].  Reprinted  with  permission  from  Elsevier  Limited) 


Extracorporeal  Life  Support  (ECLS) 

ECLS  efficiently  eliminates  carbon  dioxide  from 
the  blood.  In  patients  failing  mechanical  ventila¬ 
tion  with  hypercarbia,  ECLS  can  be  a  salvage 
technique  for  asthmatic  patients  with  life  threat¬ 
ening  hypercarbia  [37,  38].  Given  the  efficiency 
of  extracorporeal  carbon  dioxide  removal,  new 
pumpless  techniques  of  gas  elimination  have 
been  developed  [39]  and  have  been  used  success¬ 
fully  in  status  asthmaticus  [40,  41]. 

A  myriad  of  complications  can  develop  during 
ECLS  and  avoidance,  if  possible,  is  advised  by 
maximizing  adjuvant  pharmacological  treat¬ 
ments  and  ventilator  strategies. 
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Case  Presentation 

A  67  year-old  man  with  no  recent  hospitalizations 
presents  to  the  Emergency  Department  with  short¬ 
ness  of  breath.  He  has  a  history  of  ulcerative  coli¬ 
tis  and  is  currently  treated  with  cyclosporine  and 
prednisone  10  mg/day.  He  denies  fevers,  chills  or 
sputum  production.  Pulse  oximetry  is  82%  on 
room  air.  Initial  chest  x-ray  and  high-resolution 
CT  scan  of  the  chest  are  shown  (Figs.  24.1  and 
24.2).  Over  the  next  24  h,  he  experiences  progres¬ 
sive  hypoxemia  and  respiratory  distress  despite 
supplemental  oxygen  and  empiric  antibiotic  ther¬ 
apy  for  community-acquired  pneumonia  (ceftri¬ 
axone  and  azithromycin).  The  patient  undergoes 
endotracheal  intubation  and  mechanical  ventila¬ 
tion  is  initiated. 

Question  Should  the  patient’s  antimicrobial 
regimen  be  changed?  What  diagnostic  test  should 
be  performed? 

Answer  The  patient’s  antimicrobial  regimen 
should  be  expanded  empirically  to  cover 
Pneumocystis  jirovecii  (e.g.  trimethoprim- 
sulfamethoxazole)  given  (1)  his  risk  factors 
(cyclosporine  and  corticosteroids),  (2)  his  consis¬ 
tent  CT  scan  (interstitial  infiltrate  with  cystic 
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changes),  (3)  his  hypoxemia  disproportionate  to 
radiographic  infiltrate,  (4)  his  lack  of  clinical 
response  to  an  empiric  regimen  adequate  for 
community-acquired  pneumonia,  and  (5)  the  fact 
that  empiric  therapy  does  not  compromise  the 
diagnostic  yield  of  subsequent  bronchoscopy  in 
the  diagnosis  of  Pneumocystis  pneumonia  [1].  A 
lower  respiratory  tract  specimen  should  be 
acquired,  via  bronchoscopy  or  mini-  bronchoal- 
veolar  lavage  (BAL);  lavage  fluid  should  be 
tested  for  gram  stain  and  culture,  respiratory 
virus  polymerase  chain  reaction  (PCR),  fungal 
culture,  galactomannan,  acid-fast  stain  and  cul¬ 
ture,  and  Pneumocystis  PCR. 

The  patient  underwent  flexible  bronchoscopy, 
and  a  positive  Pneumocystis  PCR  assay  confirmed 
the  diagnosis.  The  patient  received  intravenous 
trimethoprim- sulfamethoxazole,  and  oxygenation 
gradually  improved  over  the  next  5  days.  The 
patient  was  ultimately  extubated  and  recovered 
full  lung  function.  After  21  days  of  treatment,  the 
patient’s  trimethoprim- sulfamethoxazole  was 
changed  to  the  prophylactic  dose  (1  double¬ 
strength  tablet  [160/800]  once  daily)  for  the  dura¬ 
tion  of  his  immunosuppression. 

Principles  of  Management 
Presentation 

Pneumonia  is  a  common  and  morbid  complication 
of  immunosuppression,  whether  due  to  primary 
immunodeficiency  or,  more  commonly,  secondary 
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to  a  systemic  disease  process  or  its  treatment.  The 
presentation  of  pneumonia  among  immunosup- 
pressed  patients  is  often  more  subtle,  indolent  and 
atypical  than  among  immunocompetent  patients 
[2];  the  same  immune  deficits  that  permit  micro¬ 
bial  reproduction  in  the  lower  respiratory  tract  can 
decrease  the  intensity  of  fever,  sputum  production, 
or  radiographic  infiltrates.  Immunosuppressed 
patients  are  often  vulnerable  to  competing  or  con¬ 
current  non-infectious  lung  processes  such  as  car¬ 
diogenic  edema  (e.g.  among  patients  receiving 
cardiotoxic  chemotherapy  or  aggressive  hydration 
with  chemotherapeutic  regimens),  medication  tox¬ 
icity  (e.g.  among  patients  receiving  bleomycin  or 
methotrexate),  radiation  pneumonitis,  or  malig¬ 
nancy  (e.g.  Kaposi’s  Sarcoma  among  patients  with 
Human  Immunodeficiency  Virus  [HIV]/Acquired 
Immunodeficiency  Syndrome  [AIDS]). 

Etiology 

The  presence  and  persistence  of  microbes  in  the 
respiratory  tract  are  determined  by  the  balance  of 
microbial  immigration,  elimination  and  local 
microbial  growth  conditions  [3,  4],  all  of  which 
are  altered  in  immunosuppressed  patients.  The 
microbiota  of  the  upper  respiratory  tract  (the  pri¬ 
mary  source  community  for  migration  of  microbes 
to  the  lungs  [4,  5])  are  altered  by  systemic  immu¬ 


nosuppression,  whether  by  underlying  disease 
(e.g.  HIV/AIDS)  [6]  or  immune-suppressing 
medications  [7].  Impairment  of  innate  and  adap¬ 
tive  immunity  decreases  the  elimination  rate  of 
transient  microbes,  increasing  the  likelihood  of 
persistent  reproduction,  and  makes  the  microbial 
growth  conditions  of  the  lung  environment  more 
hospitable  to  dysregulated  reproduction  [3].  Each 
patient’s  specific  constellation  of  immune  deficits 
predisposes  him/her  to  a  select  number  of  oppor¬ 
tunistic  pathogens  (Table  24.1).  Consideration  of 
each  patient’s  candidate  pathogen  profile  is  criti¬ 
cal  to  the  appropriate  selection  of  empiric  antimi¬ 
crobial  therapy.  Despite  the  wide  breadth  of 
potential  pathogens  in  this  population,  the  most 
common  culprits  remain  the  bacteria  and  viruses 
responsible  for  community-acquired  pneumonia 
(e.g.  Streptococcus  pneumoniae)  [9],  which 
should  be  covered  by  any  empiric  regimen. 
Coverage  for  atypical  organisms  ( Mycoplasma 
spp.,  L.  pneumophila  and  C.  pneumoniae)  is  war¬ 
ranted  in  community-dwelling  patients  until  a 
specific  pathogen  is  identified. 

Diagnosis 

Chest  x-rays  are  of  notoriously  poor  sensitivity 
in  identifying  pneumonia  among  immunocom¬ 
promised  patients;  in  one  large  series,  the  major- 
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Table  24.1  Correspondence  of  immunodeficiency  and  susceptibility  to  respiratory  pathogens 


Immune  defect 

Disease  examples 

Iatrogenic  examples 

Organisms  to  suspect 

Innate 

immunity 

Neutrophil 

abundance 

Leukemia 

Parvovirus  infection 
Agranulocytosis 

Chemotherapy 

Methotrexate 

Clozapine 

Gram-negative  bacilli 
Staphylococcus  spp. 

Fungi  (e.g.  Aspergillus 
spp.) 

Neutrophil 

function 

Chronic  granulomatous 
disease 

Cirrhosis 

Uremia 

Anti-TNF  agents  [8] 

Staphylococcus  aureus 

Fungi  (e.g.  Aspergillus 
spp.) 

Adaptive 

immunity 

T-cell 

abundance  and 
function 

HIV/AIDS 

Lymphoma 

Primary 

immunodeficiency 

Chemotherapy 
Corticosteroids 
Calcineurin  inhibitors 
Anti-T-cell  antibodies 

Pneumocystis  jirovecci 
Cryptococcus  spp. 
Intracellular  bacteria  (e.g. 
Legionella  spp.) 

M.  tuberculosis 

Viruses  ( CMV,  HSV,  VZV) 

B-cell 

abundance  and 
function 

Multiple  myeloma 
Primary 

immunodeficiency 

Rituxumab 

Encapsulated  bacteria:  S. 
pneumoniae,  H.  influenzae 

ity  of  neutropenic  patients  with  infiltrates  on 
thin-sliced  CT  scans  had  no  detectable  abnor¬ 
mality  on  chest  radiograph  [10].  High-resolution 
CT  scan  is  often  helpful  for  confirming  the  pres¬ 
ence  of  infection,  guiding  site  selection  for  bron- 
choalveolar  lavage,  and  directing  empiric 
therapy  based  on  imaging  characteristics.  The 
presence  of  cavitation  is  associated  with 
Mycobacterium  spp.,  Nocardia  spp.,  Aspergillus 
spp.  and  P  jirovecci .;  interstitial  infiltrates  sug¬ 
gest  viral  (e.g.  Cytomegalovirus  [CMV])  pneu¬ 
monia  or  Pneumocystis;  dense  consolidation 
implies  either  bacterial  pathogens  or  Aspergillus 
spp..  Serologic  tests  are  of  decreased  utility  in 
immunocompromised  patients,  especially  in 
patients  with  impaired  T-cell  and  B-cell  immu¬ 
nity  (Table  24.1),  whereas  antigen-based  testing 
(e.g.  Streptococcus  and  Legionella  urinary  anti¬ 
gens,  Cryptococcus  serum  antigen  testing)  can 
be  useful.  An  aggressive  approach  to  sampling 
the  lower  respiratory  tract  (via  bronchoscopy  or 
miniature  bronchoalveolar  lavage  [“mini- 
BAE”])  is  warranted,  as  the  spectrum  of  poten¬ 
tial  pathogens  usually  exceeds  any  reasonable 
empiric  antimicrobial  regimen.  Depending  on 
the  patient’s  degree  and  type  of  immunosuppres¬ 
sion,  lower  respiratory  tract  specimens  should  be 
tested  for  gram  stain  and  bacterial  culture,  fungal 
culture,  acid  fast  stain  and  culture,  respiratory 
viral  PCR,  CMV  antigen,  galactomannan, 


Pneumocystis  PCR.  Recommended  diagnostic 
tests  by  specimen  site  are  listed  in  Table  24.2. 

Empiric  Treatment 

Antimicrobial  therapy  should  be  given  promptly  in 
patients  with  suspected  pneumonia.  Unless  lower 
respiratory  tract  specimens  can  be  acquired  imme¬ 
diately,  therapy  should  not  be  delayed  for  the  sake 
of  increasing  diagnostic  yield.  Empiric  treatment  of 
Pneumocystis  does  not  compromise  the  yield  of 
lower  respiratory  tract  testing  [1].  No  single  empiric 
regimen  exists  for  immunocompromised  pneumo¬ 
nia,  given  the  diversity  of  immunocompromised 
conditions  and  associated  infections  (Table  24.1).  A 
reasonable  approach  is  to  start  with  a  regimen  for 
community-acquired  or  healthcare-associated 
pneumonia  as  appropriate  [11,  12],  then  expand 
according  to  the  patient’s  specific  immune  deficits 
and  past  microbiological  data.  This  regimen  should 
then  be  routinely  reassessed  for  effectiveness  based 
on  the  patient’s  clinical  response  and  the  results  of 
invasive  microbiological  testing.  Empiric  treatment 
of  fungal  pneumonia  is  rarely  indicated  for  initial 
regimens  but  should  be  strongly  considered  in 
patients  with  clinical  risk  factors  (e.g.  prolonged 
neutropenia),  consistent  imaging  (Fig.  24.3,  a  CT 
scan  of  a  patient  with  aspergillosis)  and  lack  of 
response  to  antibacterial  therapy. 
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Table  24.2  Diagnostic  testing  in  immunocompromised 
patients  with  suspected  pneumonia 


Specimen 

Diagnostic  tests 

Bronchoalveolar  lavage 
fluid 

Cell  count  and  differential 

Gram  stain  and  bacterial 
culture 

Fungal  stain  and  culture 

Acid-fast  bacteria  stain 
and  culture 

Respiratory  virus  PCR 

Pneumocystis  jirovecci 

PCR 

CMV  antigen 

Galactomannan 

Serum 

Bacterial  culture 

Fungal  culture 

Acid-fast  bacteria  culture 

Cryptococcus  antigen 

Galactomannan 

P-D-glucan 

Urine 

Streptococcus  antigen 

Legionella  antigen 

Supportive  Care 

Unless  otherwise  contraindicated,  immunocom¬ 
promised  patients  with  hypoxemic  respiratory 
failure  should  be  given  a  trial  of  noninvasive  pos¬ 
itive  pressure  ventilation  (NIPPV)  [13-15]. 
Corticosteroids  are  indicated  for  patients  with 
HIV/AIDS  and  P.  ji  rovecci  pneumonia  with  room 
air  Pa02  under  70  or  A-a  gradient  over  30  [16, 
17],  though  data  supporting  their  use  in  non-HIV 
patients  with  the  same  infection  is  weaker  [18, 
19].  Competing  non-infectious  diagnoses  should 
be  explored  and  potentially  treated  empirically 
(e.g.  diuresis  for  infiltrates  suggestive  of  cardio¬ 
genic  edema). 

Evidence  Contour 
Utility  of  Invasive  Testing 

Invasive  sampling  of  the  lower  respiratory  tract 
(by  bronchoscopy  with  and  without  transbronchial 
biopsy,  mini-BAL  or  open  lung  biopsy)  is  com¬ 
mon  in  the  diagnosis  of  pneumonia  in  immuno¬ 
compromised  patients,  and  wide  practice  variation 


Fig.  24.3  CT  scan  -  aspergillosis 


exists  among  modalities  used.  Among  intubated 
patients,  mini-BAL  performs  comparably  to  flexi¬ 
ble  bronchoscopy  with  lavage  [20].  Transbronchial 
biopsy  increases  the  yield  of  bronchoalveolar 
lavage,  generally  by  distinguishing  invasive  fungal 
disease  from  colonization  [21,  22].  Transbronchial 
biopsy  is  associated  with  elevated  rates  of  pneu¬ 
mothorax  when  performed  on  mechanically  venti¬ 
lated  patients  (14-24%)  [23,  24],  though  this  risk 
must  be  weighed  against  those  of  alternative  diag¬ 
nostic  maneuvers  (e.g.  open  lung  biopsy).  BAL 
galactomannan  has  excellent  sensitivity  and  speci¬ 
ficity  in  the  diagnosis  of  invasive  aspergillosis 
[25],  and  it  is  undetermined  what  effect  its  adop¬ 
tion  has  had  on  the  marginal  yield  of  transbron¬ 
chial  biopsy.  In  one  series  of  patients  with 
hematologic  malignancies  and  pulmonary  infil¬ 
trates,  open  lung  biopsy  identified  a  diagnosis  in 
62  %  of  cases  and  changed  management  in  57  %  of 
cases  [26],  though  only  55  %  of  these  patients  had 
previously  undergone  bronchoscopy  and  only 
13  %  had  undergone  transbronchial  biopsy. 

Serum  Indices  of  Infection 

Serum  tests  for  pneumonia  in  immunocompro¬ 
mised  patients  are  an  attractive  arena  for  investiga¬ 
tion,  but  no  consensus  exists  regarding  their  utility, 
and  in  practice  they  rarely  preclude  invasive  lung 
sampling.  A  serum  galactomannan  test  is  rela¬ 
tively  specific  (89%)  for  invasive  aspergillosis 
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among  immunocompromised  patients  but  has 
poor  sensitivity  (71  %)  [25];  a  negative  result  does 
not  exclude  the  diagnosis.  By  contrast,  a  commer¬ 
cially  available  beta-D-glucan  assay  is  more  sensi¬ 
tive  than  serum  galactomannan  but  less  specific 
[27].  A  serum  procalcitonin  level  below  0.5  ng/ml 
effectively  excludes  the  presence  of  a  bacterial 
infection  in  critically  ill  immunocompromised 
patients  [28]. 

Noninvasive  Ventilation 

Though  noninvasive  positive  pressure  ventilation 
(NIPPV)  is  infrequently  indicated  for  immuno¬ 
competent  patients  with  pneumonia  given  the  dif¬ 
ficulty  of  managing  secretions  and  the  lack  of 
rapid  reversibility,  two  randomized  controlled  tri¬ 
als  have  demonstrated  a  clinical  benefit  to  its  use 
among  immunocompromised  patients.  In  a  large 
(238  patient)  study  of  patients  immunosup- 
pressed  for  solid  organ  transplantation  with  acute 
respiratory  failure,  patients  who  received  NIPPV 
(as  compared  to  standard  treatment  with  supple¬ 
mental  oxygen)  were  less  frequently  intubated 
and  experienced  lower  Intensive  Care  Unit  (ICU) 
mortality  [13].  In  a  second  study  of  more  broadly 
immunosuppressed  patients  with  respiratory  fail¬ 
ure  and  clinical  evidence  of  pneumonia,  treat¬ 
ment  with  NIPPV  resulted  in  less  frequent 
endotracheal  intubation  and  lower  ICU  mortality 
and  overall  mortality  [15]. 
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Case  Presentation 
Case  Scenario 

A  72  year-old  retired  family  physician  with  a  his¬ 
tory  of  hypertension  and  prostate  cancer  was 
admitted  to  the  hospital  with  complaints  of  wors¬ 
ening  dyspnea  over  48  h.  On  presentation,  he  was 
tachycardic  with  a  heart  rate  112,  tachypneic  with 
a  respiratory  rate  of  22,  normotensive  with  a 
blood  pressure  of  110/70  and  his  pulse  oximetry 
revealed  an  02  saturation  of  88  %  on  room  air.  He 
had  2+  left  lower  extremity  edema  (with  trace 
edema  on  the  right).  A  chest  x-ray  showed  no 
acute  cardiopulmonary  disease,  and  his  EKG 
revealed  sinus  tachycardia  with  non-specific  T 
wave  changes.  Laboratory  studies  were  within 
normal  limits  with  the  exception  of  a  troponin  I 
which  was  elevated  to  1.5  ng/ml  (refer¬ 
ence  <0.30  ng/ml).  A  CT-pulmonary  angiogram 
revealed  bilateral  central  pulmonary  artery  emboli 
(Fig.  25.1)  and  an  enlarged  right  ventricle.  The 
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patient  was  admitted  to  the  intensive  care  unit  and 
started  on  an  intravenous  (IV)  heparin  drip. 

Question  If  the  decision  is  made  to  administer 
thrombolytic  therapy,  how  would  this  treatment 
alter  the  patient’s  overall  outcome?  His 
survival? 

Answer  Treatment  with  thrombolytic  therapy 
would  likely  prevent  hemodynamic  collapse  but 
would  not  affect  his  chances  of  survival. 

In  the  PEITHO  trial,  1005  patients  with  sub- 
massive  pulmonary  embolism,  defined  by  right 
ventricular  enlargement  or  dysfunction  and  myo¬ 
cardial  injury  as  indicated  by  an  elevated  tropo¬ 
nin  I  or  troponin  T,  were  randomized  to  receive 
IV  heparin  and  placebo  versus  IV  heparin  and 
recombinant  Tissue  plasminogen  activator  (t-PA) 
[1].  The  primary  endpoint  was  a  clinical  compos¬ 
ite  of  death  or  hemodynamic  decompensation 
within  7  days  after  randomization.  The  investiga¬ 
tors  also  assessed  a  safety  endpoint  of  bleeding 
complications.  The  results  of  this  study  revealed 
that  treatment  with  t-PA  significantly  reduced  the 
primary  endpoint  of  death  or  hemodynamic 
decompensation  within  7  days  after  randomiza¬ 
tion  (2.6  %  versus  5.6  %,  p  =  0.02).  The  difference 
in  the  primary  endpoint  was  driven  by  a  reduc¬ 
tion  in  hemodynamic  collapse  as  mortality  was 
not  different  between  the  two  treatment  groups. 
The  benefit  of  a  reduction  in  the  primary  outcome 
with  t-PA  treatment  came  with  the  expense  of  an 
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Fig.  25.1  Large  central  thrombi  in  the  main  bilateral  pulmonary  arteries  {arrows)  in  a  72-year-old  man  who  presented 
with  submassive  pulmonary  embolism 


increased  risk  of  major  bleeding  events  including 
extracranial  bleeding  (p<  0.001)  and  strokes 
(p  =  0.003). 

Standard  Approach  to  Diagnosis 
and  Management 

Risk  Factors 

Pulmonary  embolism  is  a  consequence  of  throm¬ 
bosis  in  the  deeps  veins  of  the  lower  extremities, 
pelvis,  and  less  commonly,  the  upper  extremities. 
The  classic  triad  of  risk  factors  for  the  develop¬ 
ment  of  deep  venous  thrombosis,  known  as 
Virchow’s  triad,  includes  stasis  of  blood  flow, 
hypercoagulability,  and  endothelial  injury. 
Patients  admitted  to  the  intensive  care  unit  fre¬ 
quently  experience  all  of  these  risk  factors  and 
are  therefore  at  a  heightened  risk  for  deep  venous 
thrombosis  (DVT)  and,  in  turn,  pulmonary  embo¬ 
lism  (PE).  Specifically,  mechanical  ventilation, 
sedation,  and  the  use  of  paralytic  agents  accentu¬ 


ate  the  immobility  of  critical  illness  and  thereby 
contribute  to  stasis  of  blood  flow.  In  addition, 
central  lines  inserted  into  the  upper  and/or  lower 
extremity  deep  veins  serve  as  a  nidus  for  throm¬ 
bosis  secondary  to  local  endothelium  disruption. 
Central  lines  placed  in  the  femoral  and  internal 
jugular  veins  are  associated  with  a  particularly 
high  risk,  and  the  likelihood  of  this  complication 
increases  with  the  duration  of  catheter  placement 
[2,  3].  Finally,  the  clinical  diagnosis  that  neces¬ 
sitates  ICU  admission  can  modify  the  risk  of 
venous  thromboembolism  (VTE).  For  example, 
immobility  secondary  to  infection  was  associated 
with  a  shorter  duration  until  the  onset  of  throm¬ 
boembolism  as  compared  to  patients  whose 
immobility  was  due  to  dementia  (less  than  4 
weeks  in  94.2  vs.  25.9%  of  cases;  p <0.001)  [4]. 
The  clinical  presentations  of  severe  sepsis  and 
septic  shock  are  also  associated  with  a  high  rate 
of  VTE  [5].  The  mechanistic  connection  between 
infection  and  venous  thrombosis  is  in  part 
explained  by  inflammation-induced:  (1)  elabora¬ 
tion  of  tissue  factor,  (2)  impairment  of  anticoagu- 
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lant  pathways,  and  (3)  suppression  of  fibrinolysis 
secondary  to  the  overproduction  of  plasminogen 
activator  inhibitor- 1  [6]. 

Epidemiology  of  VTE  in  the  ICU 

The  presence  of  multiple  risk  factors  for  VTE  in 
ICU  patients  confers  a  high  risk  of  disease. 
Clinical  studies  demonstrate  that  both  unfrac¬ 
tionated  heparin  and  low  molecular  weight  hepa¬ 
rin  decrease  the  risk  of  DVT  in  the  critical  care 
unit  [4,  7].  As  a  result  of  this  evidence,  current 
practice  guidelines  recommend  the  administra¬ 
tion  of  thromboprophylaxis  in  the  critical  care 
setting.  Therefore,  it  is  not  surprising  that,  in  a 
multivariate  analysis  of  risk  factors  for  PE  in  a 
Tunisian  ICU,  the  absence  of  pharmacologic 
prevention  was  identified  as  a  significant  predic¬ 
tor  for  PE  [8].  However,  even  in  the  presence  of 
prophylactic  heparin  treatment,  the  risk  of  VTE 
is  significant.  In  the  PROTECT  study,  the  effi¬ 
cacy  of  low  molecular  weight  heparin  (LMWH) 
and  unfractionated  heparin  (UFH)  were  com¬ 
pared  in  the  prevention  of  DVT  in  critically  ill 
patients  [9].  Evidence  for  new  DVT  formation 
was  determined  by  the  performance  of  twice- 
weekly  compression  ultrasonography.  Despite 
the  administration  of  prophylactic  anticoagula¬ 
tion,  the  rates  of  DVT  were  5.1%  in  patients 
treated  with  LMWH  and  5.8  %  in  patients  treated 
with  UFH.  The  risk  of  DVT  appears  to  be  even 
greater  in  patients  with  acute  decompensated 
COPD  who  undergo  mechanical  ventilation  [10]. 
In  this  population,  treatment  with  weight- 
adjusted  LMWH  was  associated  with  a  DVT 
incidence  of  15.5  %  while  patients  receiving  pla¬ 
cebo  experienced  a  28.2  %  incidence  of  clot. 

Although  evidence  indicates  that  the  inci¬ 
dence  of  DVT  in  the  ICU  is  high,  it  is  less  clear 
how  often  this  complication  results  in  pulmonary 
embolism.  In  the  PROTECT  trial,  PE  was  evalu¬ 
ated  when  clinically  indicated,  and  in  patients 
treated  with  LMWH,  there  was  a  1.2  %  incidence 
of  definite  or  probable  PE  as  compared  to  a  2.1  % 
incidence  in  the  group  treated  with  UFH.  While 
these  incidences  are  low  and  reassuring,  results 
from  a  2012  study  suggests  that  the  diagnosis  of 


PE  may  be  frequently  missed  in  the  ICU  [11].  In 
this  investigation,  176  consecutive  mechanically 
ventilated  patients  who  required  a  CT  scan  for 
any  indication  underwent  the  standard  imaging 
protocol  for  pulmonary  embolism  detection.  The 
investigators  discovered  that  the  incidence  of  PE 
was  18.7  %,  and  in  61  %  of  these  patients,  there 
was  no  clinical  suspicion  of  disease.  Importantly, 
the  study  protocol  called  for  the  performance  of 
lower  extremity  compression  ultrasonography  in 
all  patients  within  48  h  of  their  CT  scan,  and  only 
33  %  of  individuals  with  a  PE  were  found  to  have 
a  concurrent  DVT.  Collectively,  these  studies 
demonstrate  that  both  DVT  and  PE  are  relatively 
common  in  the  ICU  despite  thromboprophylaxis. 
Perhaps  even  more  concerning  is  the  observation 
that  the  majority  of  patients  diagnosed  with  a  PE 
lacked  clinical  features  of  the  disease. 

Clinical  Presentation 

The  clinical  presentation  in  the  accompanying 
case  scenario  is  highly  suggestive  of  pulmonary 
embolism.  However,  in  the  ambulatory  popula¬ 
tion,  the  clinical  features  of  venous  thromboem¬ 
bolic  disease  are  largely  non-specific.  The  lack  of 
specificity  in  both  symptoms  and  signs  of  pulmo¬ 
nary  embolism  was  highlighted  in  PIOPED  II,  a 
study  in  which  patients  with  suspected  PE  were 
enrolled  to  evaluate  the  predictive  value  of 
Computed-tomography  pulmonary  angiography 
(CT-PA)  [12].  As  part  of  this  study,  the  frequency 
of  symptoms  and  signs  in  patients  with  confirmed 
PE  were  compared  to  enrolled  patients  who  ulti¬ 
mately  ruled  out  for  thromboembolism. 
Surprisingly,  this  investigation  revealed  that  the 
presentation  of  hemoptysis  or  pleuritic  chest  pain 
was  more  common  in  PE-negative  patients  than 
in  the  PE-positive  group  (56  vs  44%,  p<0.01). 
Furthermore,  there  was  no  difference  between 
the  two  groups  in  the  frequency  of  presenting 
with  circulatory  collapse.  The  presence  of 
uncomplicated  dyspnea  (i.e.  dyspnea  without 
accompanying  symptoms  of  chest  pain,  hemop¬ 
tysis  or  circulatory  collapse)  was  more  common 
in  patients  diagnosed  with  PE  than  the 
PE-negative  group  but  the  overall  percentages 
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were  similar  (36%  versus  26%,  P<0.01).  With 
respect  to  specific  symptoms  or  signs,  the  com¬ 
plaint  or  clinical  detection  of  calf  or  thigh  swell¬ 
ing  or  pain  was  most  discerning  for  those  who 
did  versus  those  who  did  not  have  a  PE. 

In  the  critical  care  patient,  co-morbid  condi¬ 
tions  that  are  associated  with  hypotension  and 
hypoxemia  make  it  even  more  challenging  to 
identify  patients  with  VTE.  In  a  single  center 
study  of  4408  ICU  patients,  87  (1.9  %)  were  diag¬ 
nosed  with  pulmonary  embolism  [8]. 
Abnormalities  in  this  group  that  led  to  the  evalu¬ 
ation  and  diagnosis  of  PE  included  hypotension 
(57.5  %),  positive  SIRS  criteria  (72.4%),  respira¬ 
tory  distress  requiring  mechanical  ventilation 
(81.6%),  and  clinical  manifestations  of  DVT 
(17.2%).  These  derangements,  perhaps  with  the 
exception  of  clinical  manifestation  of  DVT,  are 
not  specific  for  PE  and  can  be  observed  in  other 
conditions  that  commonly  lead  to  ICU  admission 
including  septic  or  hemorrhagic  shock,  conges¬ 
tive  heart  failure,  and  pneumonia. 

The  low  sensitivity  and  specificity  of  symp¬ 
toms  and  signs  for  VTE  motivated  the  develop¬ 
ment  of  clinical  prediction  tools  including  the 
Wells  Criteria  (Table  25.1)  and  the  Geneva 


Table  25.1  Wells  criteria  for  pulmonary  embolism  risk 


Variable 

Points 

Clinical  signs  and  symptoms  of  DVT 

3 

Alternative  diagnosis  less  likely  than  PE 

3 

Heart  rate  >100/min 

1.5 

Immobilization  (>3d)  or  surgery  in  the  prior 

4  wk 

1.5 

Prior  PE  or  DVT 

1.5 

Hemoptysis 

1 

Malignancy  (receiving  treatment,  treated  in 
last  6  mo,  palliative) 

1 

Score 

Clinical  probability 

PE  incidence 

Trichotomized  score 

0-1 

Low 

02-1.0% 

2-6 

Moderate 

12.4-26.6% 

>6 

High 

27.2-72.8  % 

Dichotomized  score 


<4 

Unlikely 

2. 3-9.4% 

>4 

Likely 

27.6-51.6% 

From  Wells  et  al.  [13] 


Scoring  System  (Table  25.2)  to  aid  clinicians  in 
the  evaluation  of  VTE.  The  Wells  criteria  either 
dichotomizes  or  trichotomizes  patients  into  VTE 
risk  categories  [13].  This  prediction  tool  has  been 
well  validated  in  the  outpatient  setting,  but  in  hos¬ 
pitalized  patients,  it  was  found  to  perform  less 
well  for  the  diagnosis  of  DVT  [14].  The  Wells 
Criteria  and  the  Geneva  Score  have  not  been 
explicitly  evaluated  in  the  critical  care  setting. 
However,  based  on  the  challenge  of  evaluating 
symptoms  in  the  ICU  patient  who  may  be  intu¬ 
bated,  sedated,  and/or  delirious  and  in  the  pres¬ 
ence  of  concurrent  critical  illnesses  that  commonly 
result  in  tachycardia  and  lower  extremity  edema, 
it  is  likely  that  the  predictive  value  of  this  tool, 
like  the  inpatient  setting,  is  weak  in  the  critical 
care  population.  The  limitation  of  these  tools  in 
the  ICU  setting  is  supported  by  the  findings  of 
Bahloul  and  colleagues  who  calculated  both  the 
Wells  and  Geneva  scores  in  87  patients  who  were 
diagnosed  with  PE  in  the  critical  care  setting  [8]. 
In  this  study,  only  5  (5.7  %)  patients  had  a  high 


Table  25.2  Revised  Geneva  Score  for  pulmonary  embo¬ 
lism  risk 


Variable 

Points 

Risk  factors 

Age  >  65  y 

1 

Prior  PE  or  DVT 

3 

Surgery  (under  general  anesthesia)  or 
fracture  of  the  lower  limbs  within  1  mo 

2 

Active  malignant  condition  (solid  or 
hematologic,  currently  active  or  considered 
cured  <  1  y) 

2 

Symptoms 

Unilateral  lower-limb  pain 

3 

Hemoptysis 

2 

Clinical  signs 

Heart  rate 

75-94  beats/min 

3 

>95  beats/min 

5 

Pain  on  lower-limb  deep  venous  palpation 
and  unilateral  edema 

4 

Score 

Clinical  probability 

PE  incidence 

0-3 

Low 

5.0-12.0% 

4-10 

Intermediate 

24.6-32.8% 

>11 

High 

61.0-83.4% 

From  Le  Gal  et  al.  [39] 
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probability  score  using  Wells  Criteria  and  only  6 
(6.9  %)  patients  were  classified  as  high  probabil¬ 
ity  according  to  Geneva  Score.  Based  on  these 
findings,  it  is  crucial  to  maintain  a  high  index  of 
suspicion  for  VTE  as  a  potential  etiology  of  subtle 
(and  not  so  subtle)  physiologic  changes  in  an  ICU 
population. 

Pulmonary  Embolism  Severity 

Patients  with  pulmonary  embolism  can  be  cate¬ 
gorized  into  low,  intermediate,  and  high  risk 
groups.  Stratifying  individuals  into  risk  catego¬ 
ries  can  be  useful  in  decisions  about  disposition 
and  treatment.  The  presence  of  hemodynamic 
collapse,  which  results  from  an  acute  increase  in 
pulmonary  artery  pressure  and  associated  right 
heart  failure,  readily  classifies  patients  into  a 
high-risk  group  with  an  estimated  mortality  of 
30-50  %  and  mandates  a  treatment  strategy  that 
includes  vascular  reperfusion  (see  section 
“Treatment”).  Hemodynamic  stability  in  the 
presence  of  right  ventricular  (RV)  dysfunction 
defines  an  intermediate  risk  category.  Evidence 
of  RV  dysfunction  can  be  detected  on  imaging 
studies  including  echocardiography  (Fig.  25.2) 
and  CT-PA  and  with  elevated  biochemical  mark¬ 
ers  such  as  brain  natriuretic  peptide  (BNP), 
N-terminal  pro-brain  natriuretic  peptide 
(NT-proBNP),  troponin-I,  and  troponin-T  levels. 


Several  systematic  reviews  reveal  an  increased 
risk  of  death  in  patients  with  pulmonary  embo¬ 
lism  who  also  have  evidence  of  abnormal  RV 
function  by  imaging  or  elevated  biomarkers.  For 
example,  in  a  recent  meta-analysis,  CT-PA  evi¬ 
dence  of  right  heart  dysfunction  carried  an  odds 
ratio  of  death  from  PE  of  7.4  (95  %  confidence 
interval  1.4-39.5)  [15].  A  separate  study  found 
that  either  CT-PA  or  echocardiographic  evidence 
of  RV  dysfunction  was  associated  with  an  unad¬ 
justed  risk  ratio  for  death  of  2.4  (95  %  confidence 
interval  1.3-4. 4)  [16].  In  this  same  systematic 
review,  elevations  in  brain  natriuretic  peptide 
(BNP),  N-terminal  pro-brain  natriuretic  peptide 
(NT-proBNP),  and  troponin  also  predicted  an 
increased  risk  of  death,  but  the  threshold  values 
for  these  biomarkers  varied  considerably  between 
studies.  Because  of  the  higher  rate  of  death, 
patients  in  this  intermediate  risk  group  may 
hypothetically  benefit  from  aggressive  treatment 
to  reestablish  vascular  reperfusion  (see  section 
“Treatment”). 

Beyond  categorizing  patients  based  on  the 
presence/absence  of  hemodynamic  instability  or 
RV  dysfunction,  several  prognostic  scoring  sys¬ 
tems  have  been  developed  to  estimate  the  30-day 
mortality  in  patients  with  PE.  These  tools  primar¬ 
ily  aid  clinicians  in  their  decisions  about  patient 
disposition.  Individuals  with  low  scores  may  be 
safely  managed  as  outpatients  while  patients  with 
high  scores  require  hospitalization  in  an  acute 


Fig.  25.2  (a)  Right  ventricular  (RV)  strain  seen  on  para-  known  as  a  “D-sign”.  (b)  Increased  RV/LV  ratio  seen  on 
sternal  short  axis  view  with  the  intraventricular  septum  apical  four  chamber  view 
(arrows)  bowing  into  the  left  ventricle  ( LV ).  The  result  is 
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Table  25.3  Pulmonary  embolism  severity  index 


Predictors 

Points 

Demographics 

Age,  per  year 

Age  in  year 

Male  sex 

+10 

Comorbid  illnesses 

Cancer 

+30 

Heart  failure 

+10 

Chronic  lung  disease 

+10 

Clinical  findings 

Pulse  >  100/min 

+20 

Systolic  blood  pressure  <  100  mmHg 

+30 

Respiratory  rate  >  30/min 

+20 

Temperature  <  36  °C 

+20 

Altered  mental  status 

+60 

Arterial  oxygen  saturation <90% 

+20 

Score 

Risk  class 

30-day  mortality 

<65 

I,  very  low 

0-1.6% 

66-85 

II,  low 

1.7-3. 5% 

86-105 

III,  intermediate 

3.2-7. 1  % 

106-125 

IV,  high 

4.0-11.4% 

>125 

V,  very  high 

10.0-24.5% 

From  Aujesky  et  al.  [17] 


care  bed  or  in  the  intensive  care  unit.  The 
Pulmonary  Embolism  Severity  Index  (PESI)  and 
the  simplified  PESI  are  examples  of  these  risk 
predictor  tools  (Table  25.3).  The  PESI  is  com¬ 
prised  of  1 1  simple  patient  variables  that  are  each 
independently  associated  with  PE  mortality  [17]. 
The  composite  score  assigns  individuals  to  one  of 
five  risk  categories.  In  class  I  and  II,  the  lowest 
risk  categories,  30-day  mortality  rates  were 
between  0  and  3.5  %  in  the  derivation  and  valida¬ 
tion  groups.  In  contrast,  patients  in  the  highest 
risk  category  (Class  V)  exhibited  30-day  mortal¬ 
ity  rates  ranging  between  10.0  and  24.5  %.  More 
recent  data  suggests  that  combining  the  PESI 
with  echocardiographic  and  biomarker  data  can 
further  refine  risk  stratification  [18].  Whether 
these  tools  of  risk  prediction  play  any  role  in  an 
ICU  patient  with  VTE  is  unclear.  However,  for 
those  individuals  diagnosed  with  PE  outside  of 
the  intensive  care  unit,  it  may  be  prudent  to  con¬ 
sider  admission  to  a  higher  level  of  care  such  as  a 
critical  care  unit  if  a  patient  is  determined  to  be  in 
the  highest  risk  category  for  mortality. 


Diagnosis 

With  a  few  exceptions,  the  diagnostic  approach  to 
VTE  in  the  ICU  should  not  be  fundamentally  dif¬ 
ferent  than  in  the  emergency  department  or  on  the 
general  care  wards.  The  initial  step  in  evaluating 
an  ambulatory  patient  (i.e.  presenting  to  the  emer¬ 
gency  department  or  clinic)  with  suspected  pulmo¬ 
nary  embolism  is  to  assess  the  clinical  probability 
of  disease.  The  implementation  of  a  clinical  prob¬ 
ability  tool  such  as  Wells  Criteria  greatly  facili¬ 
tates  this  assessment.  Those  individuals  determined 
to  have  a  low  likelihood  of  PE  (Table  25.1)  should 
be  initially  evaluated  with  a  d-dimer.  Patients  with 
a  high  clinical  likelihood  of  disease  (or  low  clini¬ 
cal  likelihood  and  a  positive  d-dimer)  should 
undergo  a  diagnostic  study  for  PE  such  as  a  venti¬ 
lation-perfusion  scan  or  a  CT-PA.  The  latter  imag¬ 
ing  approach  is  often  the  preferred  modality 
because  it  also  allows  for  the  detection  of  other 
abnormalities  that  might  explain  a  patient’s  clini¬ 
cal  syndrome,  and  it  can  provide  information 
about  the  status  of  the  right  ventricle.  Based  on  the 
results  of  PIOPED  I  and  PIOPED  II,  additional 
diagnostic  studies  such  as  pulmonary  angiography 
should  be  entertained  when  the  results  of  the 
CT-PA  or  ventilation/perfusion  scan  are  discordant 
with  the  clinical  probability  of  disease. 

When  evaluating  a  patient  in  the  ICU  with  sus¬ 
pected  PE,  the  clinical  likelihood  tools,  as  detailed 
previously,  are  not  well  validated.  In  addition, 
d-dimer  levels  are  elevated  by  a  variety  of  ICU 
conditions  and,  as  a  result,  lack  predictive  value. 
Therefore,  patients  with  suspected  PE  should 
preferably  undergo  a  PE-CT  (or  possibly  a  venti¬ 
lation-perfusion  scan)  to  evaluate  for  disease. 
However,  this  imaging  study  necessitates  patient 
transfer  from  the  ICU  to  the  radiology  depart¬ 
ment,  which  may  be  challenging  in  the  setting  of 
clinical  instability.  In  such  a  case,  an  alternative 
approach  to  the  diagnosis  is  required.  Compression 
ultrasonography  to  evaluate  for  the  presence  of 
DVT  is  one  consideration,  as  a  positive  test  would 
warrant  treatment  for  VTE.  However,  as  previ¬ 
ously  noted,  DVT  is  only  identified  in  approxi¬ 
mately  one-third  of  patients  in  the  ICU  with  PE, 
so  a  negative  test  does  not  exclude  the  diagnosis 
and  additional  work-up  is  then  required. 
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Echocardiography,  either  transthoracic  or  trans¬ 
esophageal,  offers  alternative  bed-side  modalities 
for  PE  evaluation.  In  a  prospective  study,  the  sen¬ 
sitivity  and  specificity  of  an  abnormal  transtho¬ 
racic  echocardiography  (TTE)  (defined  by  two  of 
the  following  criteria:  RV  hypokinesis,  RV  dila¬ 
tion,  or  tricuspid  regurgitation)  was  compared  to 
pulmonary  angiography  for  the  diagnosis  of 
PE.  This  study  determined  that  the  sensitivity  of 
TTE  was  only  56%  (with  a  specificity  of  90%), 
indicating  that  this  study  is  useful  only  if  abnor¬ 
mal  [19].  In  comparison,  transesophageal  echo¬ 
cardiography  (TEE)  offers  the  advantage  of 
central  pulmonary  artery  visualization  and  can 
thereby  detect  proximal  PE.  In  a  study  of  49  con¬ 
secutive  patients  with  clinical  suspicion  of  PE  and 
unexplained  right  ventricular  overload  on  trans¬ 
thoracic  echocardiography,  TEE  detected  pulmo¬ 
nary  arterial  emboli  in  32/40  patients  (80  %)  who 
had  centrally  located  disease  (i.e.  main  or  lobar 
arteries)  [20].  Unfortunately,  this  test  is  not  useful 
for  peripheral  emboli.  A  final  diagnostic  consider¬ 
ation  for  the  patient  who  is  too  unstable  for  trans¬ 
fer  is  a  bedside  perfusion  scan.  A  normal  scan 
would  provide  reassurance  that  a  PE  is  not  respon¬ 
sible  for  a  patient’s  clinical  instability.  An  abnor¬ 
mal  scan,  in  the  absence  of  a  concurrent  ventilation 
scan,  will  not  define  a  probability  of  PE  and 
should  be  interpreted  with  caution. 

Treatment 

Once  the  diagnosis  of  PE  is  made,  the  principles 
of  treatment  do  not  differ  significantly  between 
the  ICU,  emergency  department,  and  general 
ward.  In  patients  with  an  acceptable  bleeding 
risk,  anticoagulation  should  be  administered 
promptly  with  the  goal  of  achieving  therapeutic 
dosing  within  24  h.  A  failure  to  achieve  therapeu¬ 
tic  anticoagulation  within  this  time  period 
resulted  in  a  much  higher  recurrence  rate  of  VTE 
(23.3%  vs  4%)  for  those  whose  activated  partial 
thromboplastin  time  exceeded  the  therapeutic 
threshold  by  24  h  (P=.02)  [21].  Delays  in  insti¬ 
tuting  anticoagulation  are  also  associated  with  an 
increased  in-hospital  (1.5%  vs  5.6%;  P=.093) 
and  30  day  (5.6%  vs  14.8%;  P=.037)  mortality 


[22].  Heparin  is  the  preferred  agent  for  initial 
anticoagulation.  Based  on  more  predictable  dos¬ 
ing  (usually  without  the  need  for  monitoring), 
lower  risk  of  drug-induced  thrombocytopenia, 
and  equivalent  (if  not  superior)  efficacy,  low 
molecular  weight  preparations  are  often  pre¬ 
ferred  over  the  intravenous  administration  of 
unfractionated  heparin  [23].  However,  in  the 
ICU,  unfractionated  heparin  with  utilization  of 
weight-based  dosing  protocols  (Tables  25.4a  and 
25.4b),  is  considered  a  better  choice  particularly 
in  an  unstable  patient  due  in  large  part  to  its 


Table  25.4a  Unfractionated  heparin  nomogram  for  VTE 
using  aPTT 


Initial  dose 

80  units/kg,  followed  by  18  units/ 
kg/h 

aPTT,  <35  s 

80  units/kg  bolus,  then  increase  rate 

4  units/kg/h 

aPTT,  35-45  s 

40  units/kg  bolus,  then  increase  rate 

2  units/kg/h 

aPTT, 

36-70  sa 

No  change 

aPTT,  71-90  s 

Decrease  rate  by  2  units/kg/h 

aPTT,  >  90  s 

Hold  1  h,  then  decrease  rate  by  3 
units/kg/h 

Adapted  from  Garcia  et  al.  [40] 

Testing  is  repeated  every  6  h  until  therapeutic  range  is 
reached  for  two  consecutive  tests,  and  then  daily 
aTherapeutic  aPTT  range  is  considered  46-70s  and  corre¬ 
sponds  with  an  anti-Xa  activity  of  0.3-0. 7  units/ 
mL.  Target  range  at  institutions  may  vary  depending  on 
reagents/equipment  used  to  perform  assay 


Table  25.4b  Unfractionated  heparin  nomogram  for 
VTE  using  anti-Xa 


Initial  dose 

80  units/kg,  followed  by  18 
units/kg/h 

Xa,  <  0.2 

80  units/kg  bolus,  then  increase 
rate  1.5  units/kg/h 

Xa,  0.2-0.29 

40  units/kg  bolus,  then  increase 
rate  1  units/kg/h 

Xa,  0.3-0. 7 

No  change 

Xa,  0.71-0.8 

Decrease  rate  by  1  units/kg/h 

Xa,  0.81-0.99 

Decrease  rate  by  1 .5  units/kg/h 

Xa  Greater  than  or 
equal  to  1 

Decrease  rate  by  3  units/kg/h 

Adapted  from  University  of  Michigan  Health  Systems 
Heparin  Dosing  Nomogram 

Testing  is  repeated  every  6  h  until  therapeutic  range  is 
reached  for  two  consecutive  tests,  and  then  daily 
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shorter  half-life  (45  min  versus  4-5  h  for 
LMWH).  This  shorter  half-life  is  advantageous 
in  the  critical  care  patient  population  that  may 
require  invasive  procedures  and/or  is  at  increased 
risk  of  bleeding.  Also,  close  monitoring  of  the 
aPTT/anti-Xa  is  less  of  an  issue  in  the  ICU  set¬ 
ting.  In  non-ICU  patients,  heparin  is  typically 
used  as  a  bridge  to  long-term  anticoagulation, 
and  warfarin  is  started  within  the  first  24  h  of 
therapy  after  the  patient  is  therapeutic  on  hepa¬ 
rin.  In  the  ICU,  because  of  the  bleeding  risk  and 
procedural  requirements,  it  is  prudent  to  delay 
the  initiation  of  warfarin  until  the  patient  is  ready 
to  transition  to  a  lower  level  of  care. 

Patients  with  hemodynamically  unstable  dis¬ 
ease  (defined  by  a  systolic  blood  pres¬ 
sure  <90  mmHg  for  greater  than  15  min)  require 
reperfusion  therapy  in  addition  to  anticoagula¬ 
tion.  Options  include  systemic  thrombolysis, 
catheter-directed  thrombolysis  and  embolec- 
tomy  (surgical  versus  mechanical).  Systemic 
administration  of  a  thrombolytic  does  not  require 
mobilization  of  the  interventional  radiology 
team  and  therefore  avoids  delays  in  treatment. 
Catheter  directed  thrombolysis,  on  the  other 
hand,  allows  for  the  administration  of  a  lower 
thrombolytic  dose,  which  carries  the  potential  to 
reduce  bleeding  complications.  Otherwise,  the 
decision  should  be  dictated  by  local  availability/ 
expertise  as  there  have  been  few  head  to  head 
comparisons  of  the  different  modalities,  and 
what  data  exists  suggest  equivalency.  For  exam¬ 
ple,  in  patients  with  acute  massive  pulmonary 
embolus  (n  =  25),  a  retrospective  analysis  of 
catheter-directed  thrombolysis  versus  mechani¬ 
cal  embolectomy  with  ultrasound-accelerated 
thrombolysis  found  no  difference  in  mortality 
between  the  two  approaches  (9.1%  in  the 
mechanical  embolectomy  group  and  14.2%  in 
the  catheter-directed  thrombolysis  group, 
p  =  NS).  Notably,  mechanical  embolectomy  did 
result  in  improved  embolus  removal  (p<.02), 
more  rapid  thrombolysis  (17.4  ±  5.23  versus 
25.3  ±  7.35  h,  p  =  .03),  and  fewer  treatment- 
related  hemorrhagic  complication  (0%  versus 
21.4%,  p  =  .02)  [24].  Therefore,  if  mechanical 
embolectomy  is  available,  one  could  make  the 
argument  to  use  this  modality  preferentially, 
especially  in  patients  at  increased  bleeding  risk. 


In  patients  with  active  bleeding  (or  deemed  to 
be  at  a  high  risk  of  bleeding  complications  as  a 
result  of  an  intracranial  neoplasm,  recent  (i.e., 
<2  months)  intracranial  or  spinal  surgery  or 
trauma,  hemorrhagic  stroke,  or  a  bleeding  diathe¬ 
sis)  anticoagulation  is  contraindicated.  As  a 
result,  an  inferior  vena  cava  is  required  in  these 
individuals  to  prevent  further  episodes  of 
embolism. 

Evidence  Contour 

Reperfusion  Therapy  in  Patients 
with  Hemodynamically  Stable 
Pulmonary  Embolism 

Hemodynamically  stable  PE  patients  with  evi¬ 
dence  of  right  heart  dysfunction  (based  on  abnor¬ 
mal  imaging  or  elevated  biomarkers)  are  at 
increased  risk  of  death  (see  section  “Pulmonary 
Embolism  Severity”).  The  worse  prognosis  in 
this  subgroup  has  motivated  several  investiga¬ 
tions  to  assess  the  efficacy  of  reperfusion  strate¬ 
gies.  As  detailed  in  the  section  “Case 
Presentation”,  in  the  PEITHO  trial,  patients  with 
sub-massive  pulmonary  embolism  as  defined  by 
RV  enlargement  or  elevated  cardiac  biomarkers 
were  randomized  to  receive  IV  heparin  and  pla¬ 
cebo  versus  IV  heparin  and  recombinant  t-PA  (as 
a  reperfusion  strategy).  The  results  of  this  study 
revealed  that  t-PA  significantly  reduced  the  pri¬ 
mary  composite  outcome  of  death  or  hemody¬ 
namic  decompensation  within  the  first  week  after 
randomization.  However,  there  was  no  difference 
in  survival  between  groups.  The  findings  of  this 
study  are  similar  to  two  previous  randomized 
controlled  trials  in  which  systemic  thrombolysis 
was  found  to  improve  hemodynamic  endpoints 
(as  assessed  by  echocardiography  or  need  for 
secondary  thrombolysis)  [25,  26].  Mortality  was 
a  component  of  the  composite  endpoint  in  only 
one  of  the  two  study  protocols  and,  as  was  the 
case  in  the  PEITHO  trial,  was  not  different 
between  the  two  treatment  arms.  The  failure  of 
the  hemodynamic  benefits  of  thrombolysis  treat¬ 
ment  to  translate  into  a  survival  benefit  in  these 
studies  is  at  least  in  part  due  to  the  low  event 
rates.  Furthermore,  in  PEITHO,  hemorrhagic 
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complications  led  to  four  deaths  in  the  t-PA 
group,  and  this  complication  offset  any  potential 
mortality  benefit  of  reperfusion  therapy. 
Subgroup  analysis  in  the  PEITHO  trial  suggests 
that  patients  less  than  75  years  of  age  have  fewer 
bleeding  complications,  suggesting  a  more  favor¬ 
able  benefit  to  risk  ratio  in  these  individuals. 

Ultrasound-assisted  catheter-directed  throm¬ 
bolysis  in  conjunction  with  low  dose  t-PA  has  also 
been  evaluated  as  a  reperfusion  strategy  in  inter¬ 
mediate  risk  PE  patients  (n  =  59)  [27].  The  primary 
outcome  in  this  study  was  echocardiographic 
assessment  of  the  right  ventricle/left  ventricle  ratio 
from  baseline  to  24  h.  Safety  outcomes  including 
death,  and  major  and  minor  bleeding  were  also 
assessed.  Catheter-mediated  thrombolysis  suc¬ 
cessfully  reduced  the  mean  right  ventricle/left  ven¬ 
tricle  ratio  by  0.30 ±0.20  versus  a  minimal 
improvement  (0.03  ±0.1 6)  in  the  heparin  alone 
control  group  (P< 0.001).  With  respect  to  safety, 
there  were  no  major  bleeding  events  in  this  trial 


and  only  four  episodes  of  minor  bleeding  (three  in 
the  catheter-mediated  thrombolysis  group; 
P=0.61).  Also,  there  was  only  a  single  death  (in 
the  placebo  group).  Several  additional  safety  and 
efficacy  trials  have  since  been  published  demon¬ 
strating  minimal  major  bleeding  rates  with  signifi¬ 
cant  improvement  in  pulmonary  artery  systolic 
pressure  [28,  29].  Catheter-directed  therapy  may 
therefore  be  an  option  at  capable  centers  for  the 
patient  with  increased  risk  of  bleeding,  although 
long-term  and  comparative  data  are  lacking. 

A  recent  meta-analysis  of  thrombolytic  ther¬ 
apy  in  submassive  PE  concluded  that  treatment 
did  not  significantly  reduce  the  risk  of  mortality 
or  recurrent  PE,  but  does  prevent  clinical  deterio¬ 
ration  requiring  escalation  of  care  [30].  The  fail¬ 
ure  to  achieve  a  survival  benefit  may  be  a 
byproduct  of  inadequate  power  for  this  endpoint 
alone.  As  such,  guidelines  around  this  issue  are 
nebulous  but  generally  recommend  therapy  for 
the  decompensating  patient  [31-33]  (Table  25.5). 


Table  25.5  Guideline  recommendations  for  systemic  thrombolysis  in  hemodynamically  stable  acute  PE 


ACCP  2016a 

ESC  2014b 

AHA  201  lc 

Low  bleeding  risk 

Routine  use  of  systemic 
thrombolysis  not  recommended 
(Grade  IB). 

Close  monitoring  in  patients 
with  severe  symptoms  and 
marked  cardiopulmonary 
involvement  (Grade  2C). 

Systemic  thrombolysis 
suggested  if  cardiopulmonary 
deterioration  occurs  (Grade  s2C) 

Routine  use  of  systemic 
thrombolysis  not 
recommended  (Class  III,  level 
B). 

Close  monitoring  in 
intermediate-high-riske  PE. 
(Class  I,  level  B). 

Systemic  thrombolysis  should 
be  considered  in  intermediate- 
high-risk  PE  if  clinical  signs 
of  hemodynamic 
decompensation  (Class  Ha, 
level  B) 

Routine  use  of  systemic 
thrombolysis  not 
recommended  for  low  risk 
or  stable  submassive  PE. 
(Class  III,  level  B) 

Consider  for  patients  who 
have  clinical  evidence  of 
adverse  prognosisf  (Class 
lib,  level  C). 

High  bleeding  risk 

Mechanical  catheter  directed 
therapy  with  or  without 
catheter  directed  thrombolysis 
recommended  if  hypotension 
(Grade  2C) 

Surgical  embolectomy  (Class 
lib,  level  C)  or  catheter- 
directed  treatment  (Class  lib, 
level  B)  may  be  considered  in 
intermediate-high-risk 
patients 

Surgical  embolectomy  or 
catheter  embolectomy  may 
be  considered  in  those 
who  have  clinical  evidence 
of  adverse  prognosis 
(Class  II,  level  C) 

aKearon  et  al.  [32] 
bKostantinides  et  al.  [2] 

Gaff  et  al.  [33] 

dCardiopulmonary  deterioration  includes  shock,  impending  shock,  progressive  increase  in  heart  rate,  worsening  gas 
exchange,  progressive  right  heart  dysfunction  on  echocardiography,  increase  in  cardiac  biomarkers 
eIntermediate-high-risk  PE  defined  as  absence  of  shock  or  hypotension,  PESI  class  III-V,  signs  of  RV  dysfunction  on 
imaging  test  (Echocardiography:  RV-LV  diameter  >0.9  or  1.0,  hypokinesis  of  the  RV  free  wall,  increased  velocity  of  the 
tricuspid  regurgitant  jet;  Computed  tomographic  angiography:  increased  end  diastolic  RV/LV  ratio  >0.9  or  1.0),  positive 
cardiac  biomarkers  (troponin,  natriuretic  peptide) 

fAdverse  clinical  prognosis  includes  new  hemodynamic  instability,  worsening  respiratory  insufficiency,  severe  RV  dys¬ 
function,  or  major  myocardial  necrosis 
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Table  25.6  Considerations  for  bleeding  following  sys¬ 
temic  thrombolytic  therapy 

Absolute  contraindications1 

Prior  intracranial  hemorrhage 

Known  intracranial  neoplasm,  arteriovenous 
malformation,  or  aneurysm 

Ischemic  stroke  <  3  mo 

Recent  surgery  in  proximity  to  brain  or  spinal  canal 

Recent  closed-head  or  facial  trauma  with  radiographic 
evidence  of  fracture  or  brain  injury 

Active  bleeding  or  bleeding  diathesis 

Suspected  aortic  dissection 

Relative  contraindications11 

Age  >75 

Ischemic  stroke  >  3  mo 

Current  use  of  anticoagulation 

History  of  poorly  controlled  hypertension 

Uncontrolled  hypertension  (systolic  blood 
pressure  >  180  or  diastolic  blood  pressure  >  110) 

Dementia 

Pregnancy 

Major  surgery  within  3  weeks 

Non-compressible  vascular  punctures 

Cardiopulmonary  resuscitation  for>  10  min 

Internal  bleeding  within  2-4  weeks 

Other  risk  factors 

INR>  L7b 

Female  gender0 

Age>65d 

Renal  diseased 

aJaff  et  al.  [33] 
bCurtis  et  al.  [34] 
cMeyer  et  al.  [1] 
dStein  et  al.  [35] 

Certainly,  significant  bleeding  complications 
have  countered  the  benefit  of  thrombolysis.  In 
addition,  we  lack  the  ability  to  predict  major 
bleeding  with  thrombolysis  in  patients  with  acute 
PE.  Historically,  contraindications  to  thromboly¬ 
sis  for  patients  with  PE  have  been  drawn  from 
data  collected  in  patients  with  myocardial  infarc¬ 
tion  [33].  Several  recent  studies  have  identified 
bleeding  risk  factors  specific  to  patients  with  PE, 
including  age>65-75,  renal  failure,  INR>E7 
and  female  gender  which  may  contribute  directly 
to  bleeding  risk  [1,  34,  35]  (Table  25.6).  However, 
it  is  unclear  how  these  risk  factors  should  modify 
clinical  practice.  Therefore,  until  further  data  is 
available,  it  remains  at  the  clinician’s  discretion 
to  determine  whether  the  potential  benefits  of 


reperfusion  treatment  outweigh  the  risks  of  hem¬ 
orrhagic  complications  in  the  individual  patient. 

IVC  Filter  Placement 

Beyond  using  IVC  filters  for  patients  who  cannot 
be  anti-coagulated  due  to  a  heightened  bleeding 
risk,  it  has  been  hypothesized  that  the  employ¬ 
ment  of  these  devices  in  conjunction  with  heparin 
might  improve  outcomes  in  high  risk  PE  patients. 
This  hypothesis  was  best  addressed  in  a  recent 
trial  in  which  patients  with  acute  pulmonary 
embolism,  lower-extremity  venous  thrombosis, 
and  at  least  1  additional  risk  factor  were  random¬ 
ized  to  treatment  with  a  retrievable  inferior  vena 
cava  filter  plus  anticoagulation  (n  =  200)  or  antico¬ 
agulation  alone  (n=199)  [36].  Retrievable  filters 
were  used  in  light  of  previous  evidence  demon¬ 
strating  an  increased  risk  of  DVT  in  patients  with 
permanent  devices,  and  the  study  protocol  called 
for  removal  at  3  months  post-deployment  (which 
occurred  successfully  in  153  of  164  attempts). 
The  primary  endpoint  of  this  study  was  symptom¬ 
atic  recurrent  PE  at  3  months,  and  this  event 
occurred  rarely.  Furthermore,  there  was  no  differ¬ 
ence  in  this  outcome  between  the  two  groups. 
Specifically,  six  patients  who  had  received  a  filter 
experienced  a  recurrent  PE  (3.0  %,  all  fatal)  while 
three  patients  (1.5%,  two  fatal)  in  the  control 
group  received  this  diagnosis  (p  =  .50).  The  results 
of  this  study  are  consistent  with  an  investigation 
in  cancer  patients  in  which  filter  placement  had  no 
effect  on  the  incidence  of  PE,  but  again  the  event 
rates  were  low  (3  %)  [37].  Whether  temporary  fil¬ 
ter  placement  in  hemodynamically  unstable  PE 
patients,  particularly  those  individuals  already 
undergoing  catheter-directed  thrombolysis  in 
Interventional  Radiology,  is  beneficial  has  not 
been  adequately  studied,  and  this  approach  is  at 
the  preference  of  the  treating  physician. 

Direct  Factor  Xa  and  Thrombin 
Inhibitors 

Recent  studies  indicate  that  direct  factor  Xa  and 
thrombin  inhibitors  have  equivalent  efficacy  to 
standard  anticoagulation  in  stable  patients  with 
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VTE  (reviewed  in  [38]).  These  agents  are  attrac¬ 
tive  because  they  are  administered  at  a  fixed  dose 
and  do  not  require  monitoring.  However,  to  our 
knowledge,  they  have  not  been  evaluated  in 
hemodynamically  unstable  individuals  and 
should  therefore  not  be  used  in  this  population.  In 
addition,  the  inability  to  reverse  these  agents  ren¬ 
ders  them  less  attractive  in  the  ICU,  even  in  the 
individual  who  is  diagnosed  with  a  hemodynami¬ 
cally  stable  PE.  With  the  advent  of  a  monoclonal 
antibody  to  reverse  dabigatran  (one  of  the  direct 
thrombin  inhibitors),  the  comfort  level  with  using 
these  particular  agents  in  the  critical  care  unit 
may  increase  in  the  future.  However,  until  more 
data  is  available  in  the  ICU  population,  we 
recommend  using  these  agents  with  extreme 
caution. 
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Case  Presentation 

A  61  year  old  man  presented  to  the  emergency 
department  reportedly  vomiting  blood.  He  was 
unable  to  speak  due  to  blood  flooding  his  oro¬ 
pharynx  and  severe  respiratory  distress.  The  air¬ 
way  was  secured  with  tracheal  intubation.  Gastric 
lavage  showed  no  active  bleeding.  The  patient 
then  coughed  and  filled  the  ventilator  circuit  with 
bright  red  blood.  Laboratory  testing  revealed 
hemoglobin  of  8  mg/dl,  platelet  count  260  x  10 3/ 
pi,  INR  of  1.1  and  PTT  of  35  s.  Chest  X-ray 
revealed  an  area  suspicious  for  bronchiectasis  in 
the  Left  Lower  Lobe  (LLL)  and  infiltrates  in  the 
Right  Lower  Lobe  (RLL)  and  Right  Upper  Lobe 
(RUL)  (Fig.  26.1). 

The  patient  was  transferred  to  intensive  care. 
Flexible  bronchoscopy  showed  no  active  bleed¬ 
ing  but  blood  was  seen  in  the  superior  segment  of 
the  RLL.  Another  episode  of  hemoptysis  esti- 
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mated  at  500  ml  occurred.  The  patient  was  posi¬ 
tioned  with  his  right  side  down  and  aggressively 
suctioned  through  the  endotracheal  tube. 
Selective  intubation  of  the  left  mainstem  bron¬ 
chus  was  unsuccessful  because  of  poor  visibility 
due  to  blood  in  the  airway  and  endotracheal  tube. 

Multi-detector  computed  tomography  with 
contrast  demonstrated  right  lower  lobe  consoli¬ 
dation  and  associated  atelectasis.  There  was  nar¬ 
rowing  of  the  right  upper  lobe  bronchus  by  soft 
tissue  density  (Fig.  26.2). 

Bronchial  angiography  was  undertaken.  The 
right  and  left  bronchial  arteries  both  arose  from  a 
single  trunk.  The  left  bronchial  artery  was  rela¬ 
tively  small  with  no  abnormal  vessels.  On  the 
right,  the  vessel  divided  into  a  branch  to  the  upper 
lobe  and  a  major  lower  lobe  branch  which  was 
moderately  enlarged  with  hyperemia  in  the  lower 
lobe,  associated  with  the  area  of  consolidated 
lung.  The  right  lower  lobe  bronchial  artery  was 
embolized  and  post  embolization  no  flow  in  the 
right  lower  lobe  bronchial  artery  was  observed 
(Fig.  26.3). 

Soon  thereafter,  there  was  another  episode  of 
massive  hemoptysis,  which  filled  the  ventilator  cir- 
cuit.Thiswasassociatedwithvasopressor-dependent 
hypotension,  worsening  hypoxemia  and 
bradycardia. 

A  dual  lumen  endotracheal  tube  was  placed, 
and  both  right  and  left  sides  were  ventilated.  The 
patient  became  more  stable  with  decreasing 
vasopressor  need.  A  right  lower  lobectomy  was 
performed. 
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Fig.  26.1  Arrows  demonstrate  Right  lower  lobe  consoli¬ 
dation  ( wide  arrow)  and  Left  Lower  Lobe  bronchiectasis 
(thin  arrow ) 


Fig.  26.2  Computed  tomography  image  demonstrates 
dense  right  lower  lobe  infiltrate  with  broncholithiasis 


Fig.  26.3  Right  Bronchial  artery  arteriogram  demon¬ 
strates  both  upper  lobe  and  lower  lobe  branch  (arrow) 

likely  reflects  the  lack  of  a  standard  definition  of 
massive  hemoptysis  as  well  as  the  variability  in 
underlying  etiology  [3-5]. 

A  scoring  system  to  identify  risk  for  mortality 
was  derived  from  a  14  year  experience  of  1,087 
patients  admitted  for  hemoptysis,  717  of  whom 
were  admitted  to  the  Intensive  Care  Unit  (ICU),  and 
10%  of  whom  demonstrated  massive  hemoptysis 
with  a  mean  cumulative  volume  of  >200  ml.  Risk 
factors  include  chronic  alcoholism,  >2  chest  x-ray 
quadrants  involved,  pulmonary  artery  involvement, 
cancer,  aspergillus  infection  or  mycetoma,  and  ini¬ 
tial  mechanical  ventilation.  Two  or  more  risk  factors 
demonstrated  a  higher  mortality  [2].  (These  risk 
factors  are  noted  in  the  clinical  algorithm,  Fig.  26.4). 


Principles  of  Management 
Epidemiology 

Massive  hemoptysis  occurs  in  about  5-15%  of 
all  admissions  for  hemoptysis  [1,  2].  Mortality 
was  7  %  in  a  single  center  retrospective  review  of 
1 ,087  patients  [2]  but  has  been  reported  as  high 
as  75  %  when  the  volume  of  hemoptysis  exceeds 
600  ml  in  24  h.  The  wide  range  of  mortality 


Sources  of  Hemorrhage 

Hemoptysis,  including  massive  hemoptysis,  usu¬ 
ally  originates  from  pathology  that  involves  the 
high  pressure  bronchial  arterial  supply  (90%)  [6, 
7].  The  bronchial  artery  or  arteries  originate  from 
the  descending  thoracic  aorta  (DTA)  at  thoracic 
vertebral  level  T3-8  most  often  T5-6.  While  the 
most  common  pattern  is  a  right  and  left  bronchial 
artery  arising  from  the  DTA,  variability  is  exten¬ 
sive,  and  commonly  involves  a  right  bronchial 
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Fig.  26.4  Clinical  algorithm  to  massive  hemoptysis 

artery  arising  from  an  intercostal  artery  (also- 
called  intercostobronchial  trunk)  or  2  right  bron¬ 
chial  arteries  arising  from  the  DTA  and/or 
intercostobronchial  trunk.  Left  bronchial  arteries 
can  also  arise  from  intercostobronchial  trunks 
[7].  The  spinal  artery  of  Adamkiewicz  supplies 
the  distal  thoracic  and  lumbar  spinal  cord  and 
originates  from  an  intercostal  artery  at  thoracic 
vertebral  level  T9- 12  in  75%  of  patients. 


However,  it  infrequently  originates  between 
T5-T8  and  may  be  occluded  during  embolization 
of  the  bronchial  artery  resulting  in  spinal  cord 
ischemia  or  infarction  [8]. 

The  pulmonary  artery  infrequently  is  the  source 
of  hemoptysis.  Infection,  malignant  disease,  trau¬ 
matic  injuries  (e.g.  Swan  Ganz  catheter  balloon 
rupture  of  PA)  and  arteriovenous  malformations 
are  the  most  common  causes  for  pulmonary  arterial 
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bleeding  [6,  9-11].  Rarely  hemoptysis  may  involve 
non-bronchial  or  pulmonary  arteries.  Non- 
bronchopulmonary  arteries  may  enter  the  lung  via 
transpleural  adhesions  as  a  result  of  chronic  inflam¬ 
mation  or  congenital  anomalies  and  may  anasto¬ 
mose  with  the  pulmonary  artery  circulation  [9, 10]. 
Other  potential  nonbronchial  arterial  sources 
include  the  aorta  (ruptured  aneurysm),  intercostal 
arteries,  coronary,  thyrocervical,  pericardiodia- 
phragmatic,  musculophrenic,  and  inferior  phrenic 
arteries.  Diffuse  alveolar  hemorrhage  syndromes 
are  rarely  a  cause  of  massive  hemoptysis. 

Diseases  Associated  with  Massive 
Hemoptysis 

Many  diseases  have  been  associated  with  mas¬ 
sive  hemoptysis  and  vary  by  geographic  region. 
Tuberculosis  continues  to  be  a  major  cause  of 
massive  hemoptysis  world-wide.  Bronchiectasis, 
malignancy,  trauma,  pneumonia,  and  mycetoma 
are  the  most  causes  of  massive  hemoptysis  in  the 
USA  [12,  13]  (Table  26.1). 

The  etiology  for  hemoptysis  will  direct  treat¬ 
ment  decisions.  Systemic  diseases  such  as  vasculitis 
will  require  anti-inflammatory  or  immunosuppres¬ 
sion  whereas  coagulopathies  will  require  reversal  of 
coagulation  abnormalities  [13-19].  Focal  lung  or 
bronchial  conditions  causing  massive  hemoptysis 
may  require  either  bronchoscopic  intervention  or 


bronchial  artery  embolization  (BAE)  as  a  first 
approach. 

Imaging 

Plain  radiographs  will  not  permit  localization  of 
bleeding  site  in  upwards  of  35  %  of  patients  [20]. 
Multidetector  CT  angiography  is  capable  of 
ascertaining  the  site  of  bleeding  and/or  suggest¬ 
ing  a  diagnosis  in  more  than  80  %  of  patients  and 
the  yield  may  be  higher  with  the  use  of  reformat¬ 
ted  image  techniques  [21].  Further,  CT  angiogra¬ 
phy  is  helpful  to  guide  bronchial  artery 
embolization  [6,  7,  9,  20]. 

An  Approach  to  Managing  Life 
Threatening  Hemoptysis 
(Algorithm,  Fig.  26.4) 

Several  algorithms  have  been  developed  to  pro¬ 
vide  guidance  for  an  approach  to  severe  or 
massive  hemoptysis  and  most  agree  that  an  initial 
multidisciplinary  approach  is  indicated  with 
immediate  evaluation  by  pulmonology,  interven¬ 
tional  radiology  and  thoracic  surgery  [22-25]. 
We  propose  the  following: 

The  initial  survey  should  include  a  simple 
“ABC”  assessment:  Airway,  Blood  loss,  and 
Clinical  condition. 


Table  26.1  Causes  of  massive  hemoptysis 


Infectious 

Mycobacterial  (TB),  Fungal  (mycetoma),  Necrotizing  Bacterial  Pneumonia  (Klebsiella, 
Streptococcus,  Staphylcoccus,  Actinomyces) 

Neoplastic 

Bronchogenic,  Renal  cell,  melanoma,  carcinoid,  adenocystic,  etc. 

Vascular 

Bronchial  artery  aneurysm,  Pulmonary  artery  aneurysm,  Cardiac  and  Pulmonary 
Malformations,  Arteriovenous  malformations,  Airway  vascular  fistula,  Dieulofoy’s 

Disease,  etc. 

Pulmonary 

Bronchiectasis,  Broncholithiasis,  Diffuse  alveolar  hemorrhage,  Crytogenic,  Inhalation: 
crackcocaine,  etc. 

Diffuse  Alveolar 
Hemorrhage 

Syndromes 

Granulomatosis  with  Polyangitis,  Microscopic  polyangitis,  Anti-GBM  (Goodpastures), 
Isolated  pulmonary  capillaritis,  SLE,  Eosinophilic  granulomatosis  with  polyangitis, 
Antiphospholipid  antibody,  toxin  and  drug  induced  lung  injury,  IgA  deposition  vasculitis, 
etc. 

Trauma 

High  dose  brachytherapy,  Pulmonary  artery  rupture,  Biopsy  and  Trauma 

Hematologic 

Coagulopathy  and  Platelet  disorders 
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Airway:  Does  the  volume  of  bleeding  into  the  air¬ 
way  require  emergent  airway  management? 
.Blood:  Has  there  been  a  single  bleeding  event  of 
large  volume  >100  cc  or  is  the  bleeding 
recurrent?  Is  the  bleeding  in  excess  of  100 
per  hour  for  >2  h? 

Clinical  Condition:  Is  there  hemodynamic  insta¬ 
bility  (signs  of  hypoperfusion,  tachycardia,  or 
hypotension)? 

The  decision  regarding  immediate  airway 
management  should  be  determined.  Adequate 
intravenous  access  should  be  established  with  at 
least  two  large  bore  IV  lines.  Fluid  resuscitation 
should  be  initiated,  if  indicated.  A  complete 
blood  count,  testing  for  coagulopathies,  and  cross 
match  for  transfusion  should  be  obtained.  In 
addition,  perform  electrocardiogram  and  obtain 
cardiac  biomarkers. 

Intubation :  Options  are  dual  lumen  or  single 
lumen  endotracheal  tube  with  the  intent  to  pro¬ 
tect  the  lung  on  the  non-bleeding  side.  Single 
lumen  endotracheal  intubation  is  preferred  when 
airway  visibility  is  poor  (see  discussion  of  dual 
lumen  endotracheal  tubes  below). 

Position :  The  patient  should  be  positioned 
with  the  presumed  side  of  bleeding  dependent 
(lateral  decubitus)  to  reduce  the  likelihood  of 
flooding  of  the  unaffected  lung  with  blood. 
However,  lateral  decubitus  position  with  the 
bleeding  side  down  may  worsen  hypoxemia 
(due  to  increased  perfusion  to  poorly  aerated 
lung)  [26]. 

Assessment 

•  Active  Hemorrhage  and  unstable:  If  transport 
is  not  considered  safe,  the  initial  evaluation  to 
localize  and  treat  would  be  with  rigid  and/or 
flexible  bronchoscope.  This  may  allow  thera¬ 
peutic  endoscopic  intervention  (Cold  Saline/ 
epinephrine  [EPI],  anti-diuretic  hormone 
[ADH],  argon  plasma  coagulation  [APC], 
tamponade  endobronchial  blocker). 
(Table  26.2)  [27,  30-33]. 

•  Active  Hemorrhage  and  stable:  In  this  setting 
bronchoscopy  is  limited  due  to  poor  visibility 


and  proceeding  to  radiologic  investigation 
maybe  more  informative. 

•  Non-active  hemorrhage  and  the  unstable 
patient :  ICU  setting  to  stabilize  the  patient 
with  possible  bronchoscopic  approach  for 
localization  and  treatment. 

•  Non-active  hemorrhage  and  the  stable  patient : 
Multidetector  Computed  Tomography 
(MDCT)  and  3D  volume  averaging  provides 
the  best  detail  for  localization  and  selection  of 
treatment  options  [11,  21,  23]  (Table  26.2). 

No  localization  of  a  culprit  lesion  via  bron¬ 
choscopy  is  an  indication  for  immediate  multi¬ 
detector  CT.  This  may  indicate  that  embolization 
is  needed. 

If  hemostasis  cannot  be  achieved  then  urgent 
resectional  surgery  [34,  35]  should  be  considered. 


Evidence  Contour 

Rigid  Versus  Flexible  Bronchoscopy 

In  massive  hemoptysis,  rigid  bronchoscopy  has 
several  advantages:  the  large  inner  diameter  and 
more  effective  suctioning  capability  improve 
clearance  of  blood  from  airways  (especially  in 
voluminous  flooding);  the  ability  to  ventilate;  and 
ancillary  devices  that  are  not  available  with  flex¬ 
ible  bronchoscopy  e.g.  laser.  Disadvantages 
include  the  lack  of  availability  and/or  expertise 
for  rigid  bronchoscopy  [24].  Flexible  bronchos¬ 
copy  has  the  advantages  of  ease  of  access,  and 
wide  availability  of  skilled  individuals  plus  it 
may  allow  specialized  techniques  to  control 
airway  bleeding  (i.e.  APC,  cryotherapy,  electro 
cautery). 

Dual  Lumen  Versus  Unilateral  Airway 
Intubation:  Benefits  and  Limitations 

Consideration  should  be  given  to  placing  a  dual 
lumen  endotracheal  tube  to  isolate  the  side  of 
hemorrhage  and  protect  the  contralateral  lung 
from  blood.  Dual-lumen  endotracheal  tubes 
have  various  designs  but  all  have  two  lumens, 
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Table  26.2  Bronchoscopic  and  systemic  treatments  for  massive  hemoptysis 


Treatment 

Mechanism  of  action 

Procedure 

Complications 

Cold  Saline 

Vasoconstriction  with  localized 
thrombosis 

50  cc  aliquots  at  4  °C 

Bradycardia  [22,  27] 

Topical  Epinephrine 
(Epi),  terlipressin  or 
ornipressin 

Epi,  Terlipressin  (5iu), 
Ornipressin  (0.5  mg), 
vasoconstriction 

1:20000  Epi  in  cold 
saline 

Tachyarrhythmias  [27] 

Balloon  Tamponade 

Tamponade 

Double  lumen 
occluding  balloon 
with  saline 

Post-obstructive  Pneumonia 

Fibrinogen  -thrombin 

Fibrinogen,  hbronectin,  factor 

III,  plasminogen  and  aprotinin/ 
thrombin 

[28,  29] 

Argon  Plasma 
Coagulation 

High  frequency  electric  current 
with  dessication  of  surface 

Direct  visualization 

Gas  embolism  [30-32] 

Tranexamic  Acid 

Endobronchial  or  Systemic. 
antifibrinolytic 

Endobronchial 
500-1,000  mg  or  oral 
for  chronic  bleed 

Clotting  disorders, 
i.e.  PE  [17-19] 

Factor  rVII 

Systemic :  coagulation  in  tissue 
damage.  Activates  IX  then  Xa 
then  fibrin  thrombin 

60-90  ug/kg 

CVA  [14-16] 

each  of  which  can  be  ventilated,  permitting  both 
isolation  of  each  lung  and  instillation  of  vasoac¬ 
tive  agents  or  saline  into  the  airway. 
Disadvantages:  the  lumens  are  small,  potentially 
limiting  flexible  bronchoscopy  and  the  removal 
of  blood  and  secretions.  During  patient  trans¬ 
port  or  turning,  dual-lumen  tubes  can  easily 
become  displaced.  Placement  of  dual  lumen  ET 
tubes  can  be  difficult  and  requires  considerable 
expertise  and  the  ability  to  visualize  the  airway. 
If  visualization  of  the  airway  is  limited  due  to 
airway  flooding  then  a  single  lumen  ET  tube 
may  be  directed  into  the  main  bronchus  of  the 
unaffected  lung. 

One  Transport  or  Two? 

The  unpredictability  of  repeat  hemorrhage 
heightens  the  need  to  quickly  identify  location 
and  cause.  In  the  stable  patient  (per  Algorithm), 
multidetector  CT  with  3D  volume  rendering  is 
the  first  choice.  MDCT  allows  a  noninvasive 
approach  to  arterial  and  pulmonary  anatomy  for 
potential  identification  of  both  the  site  and  cause 
of  hemorrhage  in  77%  and  73%  of  patients, 


respectively  [20] .  The  stable  patient  could  trans¬ 
fer  to  radiology  for  diagnostic  CT  followed  by 
Interventional  Radiology  (IR)  for  possible  BAE 
if  a  significant  vascular  pathology  is  identified 
(control  of  hemorrhage  in  66-90  %).  In  the  unsta¬ 
ble  patient,  ICU  transfer  and  immediate  bedside 
bronchoscopy  with  control  of  the  source  when 
possible  and  supportive  care  [36]  has  been  evalu¬ 
ated  and  is  considered  standard  of  care.  ICU  care 
limits  diagnostic  testing  to  bedside  bronchoscopy 
and  portable  chest  x-ray.  Bronchoscopy  may 
localize  disease  but  frequently  does  not  achieve 
hemostasis  (up  to  60  %)  and  a  second  transport  to 
IR  for  BAE  is  required  [37]. 

Recurrent  Bleeding;  Repeat 
Embolization  or  Surgery? 

Recurrent  bleeding  or  persistent  bleeding  occurs 
in  5-44%  of  patients  after  initial  BAE.  For 
recurrent  hemoptysis,  a  second  BAE  may  be 
effective  and  avoid  surgery;  surgery  for  massive 
hemoptysis  has  a  high  risk  of  morbidity  (25  %) 
and  mortality  (7-40%)  [38].  Generally,  second 
attempt  at  embolization  is  favored  if  the  anatomy 
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suggests  an  amenable  lesion  but  the  uniqueness 
of  each  patient  and  pathology  requires  multidis¬ 
ciplinary  decision  making  [37]. 
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Case  Presentation 

A  74-year-old  man  with  a  history  of  coronary 
artery  disease,  congestive  heart  failure,  hyperten¬ 
sion,  and  atrial  fibrillation  presented  with  12  h  of 
progressive  shortness  of  breath,  chest  pressure, 
and  cough.  At  the  time  of  presentation,  he  was 
tachy cardie  (HR  148),  tachyneac  (RR  38),  hypox¬ 
emic  (Sa02  initially  78  %  on  room  air),  and  strug¬ 
gling  to  breathe  (demonstrated  by  use  of 
accessory  muscles  and  shallow  breaths).  Chest 
x-ray  was  consistent  with  bilateral  pulmonary 
edema,  B-type  natriuretic  peptide  (BNP)  was  8 
times  the  upper  limit  of  normal,  and  ECG  showed 
rapid  atrial  fibrillation  without  ST  segment 
changes.  In  addition  to  supplemental  oxygen, 
furosemide,  morphine,  and  aspirin,  continuous 
positive  airway  pressure  (CPAP)  was  initiated 
and  Sa02  improved  to  89%  on  100%  Fi02.  The 
patient,  however,  became  confused  and  agitated, 
which  progressed  after  receipt  of  additional  doses 
of  morphine.  In  his  confused  state,  the  patient 
removed  the  CPAP  mask  on  multiple  occasions, 
with  each  event  causing  declines  in  Sa02,  so  the 
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patient  was  intubated  and  invasively  mechani¬ 
cally  ventilated  while  being  sedated  with  a  con¬ 
tinuous  midazolam  infusion.  He  was  transferred 
from  the  Emergency  Department  to  the  ICU. 

Question  What  is  the  best  approach  to  manag¬ 
ing  this  patient’s  sedation  and  delirium? 

Answer  Close  monitoring,  minimizing  seda¬ 
tion,  and  eliminating  risk  factors  for  delirium. 

Critically  ill  patients,  especially  those  who  are 
mechanically  ventilated,  frequently  experience 
pain,  anxiety,  and/or  agitation,  prompting  treat¬ 
ment  with  analgesics  and  sedatives.  Care  should 
be  taken  when  administering  these  medications 
since  oversedation  and  delirium  are  common  in 
the  ICU,  where  they  are  associated  with  poor 
outcomes.  After  transfer  to  the  ICU,  midazolam 
was  discontinued,  and  intermittent  fentanyl 
boluses  were  used  to  treat  pain  in  lieu  of  mor¬ 
phine  after  labs  revealed  acute  kidney  injury. 
Depth  of  sedation  was  monitored  every  2  h  (and 
when  sedating  medications  were  given)  using  the 
Richmond  Agitation-Sedation  Scale  (RASS), 
and  the  patient  was  assessed  for  delirium  every 
8  h  with  the  Confusion  Assessment  Method  for 
the  ICU  (CAM-ICU).  During  the  first  6  h  after 
transfer  to  the  ICU,  the  fentanyl  dose  and  fre¬ 
quency  were  increased  due  to  ongoing  pain  and 
agitation,  and  propofol  was  started  and  titrated 
with  a  goal  of  achieving  a  target  RASS  of  -1 
(drowsy)  or  0  (alert  and  calm).  By  the  next  morn¬ 
ing,  RASS  was  consistently  either  -2  (light  seda- 
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tion)  or  -1  (drowsy),  but  the  patient  remained 
delirious  (CAM-ICU  positive).  Ongoing  treat¬ 
ment  for  acute  exacerbation  of  congestive  heart 
failure  included  volume  control  ventilation  with 
low  tidal  volumes  (6  mL/kg  ideal  body  weight) 
and  Fi02  and  PEEP  titrated  to  maintain 
Sa02>  89  %.  Intermittent  furosemide  was  contin¬ 
ued,  leading  to  significant  diuresis  and  improved 
oxygenation.  Daily  spontaneous  awakening  trials 
(SATs)  were  paired  with  spontaneous  breathing 
trials  (SBTs)  each  morning  that  safety  screens 
were  passed,  and  physical  and  occupational  ther¬ 
apy  were  initiated  early.  One  hour  into  an  SAT  on 
the  first  full  ICU  day,  propofol  was  restarted  at 
1/2  the  previous  dose  due  to  recurrence  of  agita¬ 
tion.  Propofol  was  held  again  during  an  SAT  on 
the  second  ICU  day  and  was  not  subsequently 
restarted.  Similarly,  intermittent  fentanyl  boluses 
were  held  and  no  longer  needed  by  the  second 
ICU  day.  The  patient  remained  comfortable 
without  sedation  through  the  third  ICU  day, 
when  he  passed  an  SBT,  was  alert,  non-delirious 
(CAM-ICU  negative),  had  a  strong  cough  and 
minimal  secretions,  and  was  successfully  extu- 
bated.  The  next  day,  he  was  transferred  out  of  the 
ICU  to  the  general  medical  ward. 

Principles  of  Management 

Monitoring  Sedation  and  Delirium 

Two  sedation  scales — the  RASS  [1,2]  (Fig.  27.1; 
used  in  this  case)  and  the  Sedation-Agitation 
Scale  (SAS)  [3] — are  well- validated  for  use  in 
the  ICU  and  are  therefore  recommended  in  the 
2013  Society  of  Critical  Care  Medicine  (SCCM) 
guidelines  for  the  management  of  pain,  agitation, 
and  delirium  in  the  ICU  [4]  (Table  27.1).  By  giv¬ 
ing  ICU  practitioners  a  reliable  means  by  which 
to  assess,  describe,  and  document  a  patient’s 
level  of  consciousness,  these  tools  can  improve 
patient  care.  Multiple  randomized  trials  have 
shown  that  a  protocol  guided  by  a  validated  seda¬ 
tion  scale  improves  outcomes,  including  duration 
of  mechanical  ventilation  [5,  6]. 

The  SCCM  guidelines  (Table  27.1)  also  rec¬ 
ommend  monitoring  ICU  patients  for  delirium 


using  one  of  two  validated  tools:  the  CAM- 
ICU  [7]  (Fig.  27.2;  used  in  this  case)  or  the 
Intensive  Care  Delirium  Screening  Checklist 
(ICDSC)  [8].  Delirium,  which  is  frequently 
hypoactive  (i.e.,  characterized  by  somnolence 
rather  than  agitation)  in  the  ICU,  is  easily  over¬ 
looked  when  a  validated  assessment  tool  is  not 
used.  Use  of  the  CAM-ICU  or  ICDSC,  there¬ 
fore,  can  improve  detection  and  management 
of  delirium. 

Minimizing  Sedation 

Oversedation  is  common  and  harmful  in  the 
ICU,  where  heavily  sedated  patients  remain  on 
the  ventilator  longer  and  have  higher  mortality 
rates  than  their  less  sedated  counterparts  [9]. 
Patients  who  require  sedatives  during  critical  ill¬ 
ness  should  therefore  be  managed  with  light 
rather  than  heavy  sedation  (barring  a  specific, 
time-limited  indication  for  the  latter,  e.g.,  neuro¬ 
muscular  blockade,  open  abdomen,  etc.).  Use  of 
a  validated  sedation  scale  (see  section  on 
“Sedative  Choice”)  is  an  important  part  of  efforts 
to  maintain  light  sedation,  since  frequent,  reli¬ 
able  data  regarding  actual  vs.  targeted  level  of 
sedation  can  prompt  changes  in  sedative  choice, 
dose,  and/or  frequency.  In  addition  to  use  of 
sedation  scales,  strategies  that  can  improve  out¬ 
comes  by  minimizing  sedation  include  treating 
pain  adequately  before  using  sedatives  [10], 
avoiding  benzodiazepines  in  favor  of  other  seda¬ 
tives  (e.g.,  propofol,  dexmedetomidine,  and/or 
an  opioid)  [11],  using  a  sedation  protocol  [5], 
and  interrupting  sedatives  on  a  daily  basis  with 
SATs  [12,  13]. 

Risk  Factors  for  Delirium 

Though  questions  remain  regarding  the  most 
effective  strategies  to  prevent  and  treat  delir¬ 
ium  (see  Prevention  of  Delirium  and 
Antipsychotics  sections),  studies  have  identi¬ 
fied  a  number  of  modifiable  risk  factors  for 
delirium  that  should  be  addressed  whenever 
possible  when  managing  patients  who  are  high 
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Scale  Label 


Description 


■1 


iTTTE 


il* 


•V/TTi 


Spo 


attention 


DROWSY 


LIGHT  SEDATION 


Not  fully  alert,  but  has  sustained  awakening  to  voice 
(eye  opening  &  contact  >10  sec) 


Briefly  awakens  to  voice  (eyes  open  &  contact  <10  sec) 


MODERATE  SEDATION  Movement  or  eye  opening  to  voice  (no  eye  contact) 


V 
O 

►  I 

C 


►  If  RASS  is  D  -3  proceed  to  CAM-ICU  (Is  patient  CAM-ICU  positive  or  negative?) 


-4 

DEEP  SEDATION 

No  response  to  voice,  but  movement  or  eye  opening 

to  physical  stimulation 

-5 

UNAROUSABLE 

No  response  to  voice  or  physical  stimulation 

T 
O 

►u 

c 


If  RASS  is  -4  or  -5  ->  STOP  (patient  unconscious),  RECHECK  later 


Fig.  27.1  Richmond  Agitation-Sedation  Scale  (©  Vanderbilt  University) 


Table  27.1  The  ICU  pain,  agitation,  and  delirium  care  bundle 


Component 

Pain 

Agitation 

Delirium 

Assess 

Assess  >4x/shift  and  prn 
NRS  if  patient  can  report 
pain 

BPS  or  CPOT  if  patient 
cannot  report 

Assess  >4x/shift  and  prn 

RASS  or  SAS  if  not  paralyzed 
Brain  function  monitor  if 
paralyzed 

Assess  delirium  each  shift 
and  pm 

CAM-ICU  or  ICDSC 

Treat 

Treat  pain  then  reassess 
Non-pharmacologic 
(relaxation) 

IV  opioids  +/-  non¬ 
opioids  for  non- 
neuropathic  pain 
Gabapentin  or 
carbamazepine  for 
neuropathic  pain 

Targeted  sedation  and/or  daily  SATs 
to  achieve  goal  of  RASS  -1  to  0  or 
SAS  3  to  4 

If  undersedated,  use  non¬ 
benzodiazepine  sedatives  as 
needed 

If  oversedated,  hold  sedatives 

Treat  pain  as  needed 

Reorient  patients;  provide 
eyeglasses,  hearing  aids  as 
needed 

Avoid  benzodiazepines 
unless  alcohol  or 
benzodiazepine  withdrawal 
Avoid  rivastigmine 

Avoid  antipsychotic s  if  QTc 
is  high 

Prevent 

Preprocedural  analgesia 
Relaxation  therapy 

Treat  pain  before  using  sedation 
Consider  daily  SBTs  and  early 
mobility  unless  contraindicated 

EEG  if  high  ICP  warrants  burst 
suppression  or  high  risk  for  seizures 

Identify  delirium  risk  factors 
Avoid  benzodiazepines 

Early  mobility 

Promote  sleep 

Restart  baseline  psychiatric 
medications  if  indicated 

This  table  modifies  and  summarizes  the  full  bundle  described  in  Barr  et  al.  [4] 

Abbreviations:  BPS  Behavioral  Pain  Scale,  CAM-ICU  Confusion  Assessment  Method  for  the  Intensive  Care  Unit, 
CPOT  Critical-Care  Pain  Observation  Tool,  EEG  electroencephalogram,  ICDSC  Intensive  Care  Delirium  Screening 
Checklist,  ICP  intracranial  pressure,  IV  intravenous,  NRS  numeric  rating  scale,  RASS  Richmond  Agitation-Sedation 
Scale,  SAS  Sedation  Agitation  Scale,  SATs  spontaneous  awakening  trials,  SBTs  spontaneous  breathing  trials 
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Fig.  27.2  CAM-ICU  (©  2002  Vanderbilt  University) 


risk  as  well  as  those  already  delirious. 
Numerous  observational  and  interventional 
studies  have  found  benzodiazepines  (used  ini¬ 
tially  in  this  case)  increase  delirium  risk  [14, 
15],  whereas  dexmedetomidine  does  not  [16, 
17].  This  may  be  because  benzodiazepine  phar¬ 
macokinetics  make  them  prone  to  cause  overse¬ 
dation — drug-induced  coma,  regardless  of 
which  medication  is  the  culprit,  is  a  delirium 
risk  factor — or  because  of  their  mechanism  of 
action  in  the  brain  (GABA  agonism).  Infection, 
acute  kidney  injury,  metabolic  acidosis, 
mechanical  ventilation,  and  high  severity  of  ill¬ 
ness  are  also  risk  factors  for  delirium  that,  in 
many  cases,  can  be  addressed  [18]. 

In  addition  to  the  modifiable  risk  factors  listed 
herein,  many  risk  factors  for  delirium  are  not 
modifiable  but  an  awareness  of  these  factors  may 
prompt  clinicians  to  monitor  high-risk  patients 
more  closely  for  delirium.  These  include 
advanced  age  and  hypertension  (both  present  in 
this  case)  as  well  as  preexisting  cognitive  impair¬ 
ment,  emergency  surgery,  and  trauma. 


Evidence  Contour 

This  case  highlights  a  number  of  evidence  gaps 
and  areas  of  controversy  that  remain  despite  the 
growing  body  of  evidence  regarding  sedation  and 
delirium  in  the  ICU. 

Sedative  Choice 

Dozens  of  randomized  controlled  trials  have 
examined  whether  sedative  choice  affects  out¬ 
comes  in  the  ICU.  Most  compared  a  benzodiaze¬ 
pine  (typically  midazolam),  the  class  of  sedatives 
used  most  frequently  in  the  ICU  for  several 
decades,  with  a  non-benzodiazepine  sedative,  and 
the  large  majority  of  these  trials  found  non¬ 
benzodiazepine  sedation  resulted  in  better  out¬ 
comes  (Table  27.2).  A  recent  meta- analysis,  in 
fact,  found  that  benzodiazepine  sedation  (com¬ 
pared  with  sedation  using  propofol  or  dexmedeto¬ 
midine)  delays  extubation  and  discharge  from  the 
ICU  [11].  These  data  led  the  SCCM  guidelines  [4] 
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Table  27.2  Randomized  trials  comparing  benzodiazepines  with  alternative  sedatives  in  the  ICU 


First  author 


Year 


Population 


Outcome(s)  improved 


Benzodiazepines  vs.  propofol 


Trials  finding  better  outcomes  with  propofol 


Grounds  RM 

1987 

Cardiac  surgery 

Faster  awakening 

Aitkenhead  AR 

1989 

General  ICU 

More  consistent  awakening, 
faster  weaning 

McMurray  TJ 

1990 

Cardiac  surgery 

Faster  awakening 

Carrasco  G 

1993 

General  ICU 

More  accurate  sedation,  faster 
awakening,  lower  costs 

Roekaerts  PM 

1993 

Cardiac  surgery 

Faster  awakening,  earlier 
extubation 

Ronan  KP 

1995 

Surgical  ICU 

Faster  awakening 

Sherry  KM 

1996 

Cardiac  surgery 

Lower  costs 

Chamorro  C 

1996 

General  ICU 

Better  ventilator  synchrony, 
faster  awakening 

Barrientos- Vega  R 

1997 

General  ICU 

Earlier  extubation 

Weinbroum  AA 

1997 

General  ICU 

Faster  awakening 

Sanchez-Izquierdo-Riera  JA 

1998 

Trauma  ICU 

Faster  awakening 

McCollam  JS 

1999 

Trauma  ICU 

Less  oversedation 

Hall  RI 

2001 

Mixed  ICU 

More  accurate  sedation,  earlier 
extubation 

Carson  SS 

2006 

Medical  ICU 

Fewer  ventilator  days 

Trials  finding  no  differences  in  outcomes 


Searle  NR 

1997 

Cardiac  surgery 

None 

Kress  JP 

2000 

Medical  ICU 

None 

Huey-Ling  L 

2008 

Cardiac  surgery 

None 

Trials  finding  better  outcomes  with  the  benzodiazepine 


None 


Benzodiazepines  vs.  remifentanil 


Trials  finding  better  outcomes  with  remifentanil 


Breen  D 

2005 

Mixed  ICU 

Shorter  duration  of  mechanical 
ventilation 

Muellejans  B 

2006 

Cardiac  surgery 

Earlier  extubation  and  ICU 
discharge 

Rozendaal  FW 

2009 

Mixed  ICU 

Lighter  sedation,  shorter 
weaning  time 

Trials  finding  no  differences  in  outcomes 
None 

Trials  finding  better  outcomes  with  the  benzodiazepine 
None 

Benzodiazepines  vs.  dexmedetomidine 


Trials  finding  better  outcomes  with  dexmedetomidine 


Pandharipande  PP 

2007 

Mixed  ICU 

More  accurate  sedation,  more 
dehrium/coma-free  days 

Riker  RR 

2009 

Mixed  ICU 

Lower  prevalence  of  delirium, 
earlier  extubation 

Ruokonen  E 

2009 

Mixed  ICU 

Shorter  duration  of  mechanical 
ventilation3 

(continued) 
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Table  27.2  (continued) 


First  author 

Year 

Population 

Outcome(s)  improved 

Maldonado  JR 

2009 

Cardiac  surgery 

Lower  incidence  and  duration 
of  delirium 

Esmaoglu  A 

2009 

Eclampsia 

Shorter  ICU  length  of  stay 

Dasta  JF 

2010 

Mixed  ICU 

Lower  ICU  costs 

Jakob  SM 

2012 

General  ICU 

Lighter  sedation,  fewer 
ventilation  days 

Trials  finding  no  differences  in  outcomes 


None 

Trials  finding  better  outcomes  with  the  benzodiazepine 
None 

From  Ely  et  al.  [35].  Reprinted  with  permission  from  Elsevier  Limited 
Abbreviations:  ICU  intensive  care  unit 

aAccording  to  post-hoc  analysis  adjusting  for  study  center,  sedative  agent  before  randomization,  and  target  sedation 
level 


to  recommend  non-benzodiazepines  for  sedation 
in  the  ICU,  but  questions  remain  regarding  which 
drug(s)  should  be  preferred.  Dexmedetomidine 
has  the  benefit  of  facilitating  light  sedation  and 
reducing  delirium  risk  [16,  17],  but  costs  remain 
high  and  the  patient  population  that  benefits  the 
most  from  this  agent  has  not  yet  been  clearly 
defined.  Propofol  is  less  expensive  than  dexme¬ 
detomidine  and  less  prone  to  cause  oversedation 
than  benzodiazepines  but  its  use  in  some  patients 
is  limited  by  hemodynamic  effects.  Other  drugs, 
including  opioids,  clonidine,  haloperidol,  and 
atypical  antipsychotics  are  sometimes  used  to 
manage  agitation  in  the  ICU,  but  evidence  of  ben¬ 
efit  in  randomized  trials  is  needed  before  use  of 
these  agents  can  be  widely  recommended. 

Spontaneous  Awakening  Trials  (SATs) 

Protocolized  daily  SATs  (also  known  as  daily 
interruption  of  sedatives),  which  were  used  in  this 
case,  were  shown  in  two  randomized  controlled  tri¬ 
als  [12,  13]  to  improve  outcomes,  including  long¬ 
term  survival,  but  these  trials  were  conducted  at  a 
time  when  heavy  sedation  was  common  so  contro¬ 
versy  exists  regarding  whether  SATs  are  beneficial 
in  ICUs  that  target  light  sedation.  A  recent  multi¬ 
center  randomized  trial  [19]  sought  to  address  this 
question  by  comparing  a  light  sedation  protocol 
alone  vs.  the  light  sedation  protocol  plus  SATs  and 
found  no  difference  in  outcomes.  This  trial,  how¬ 


ever,  did  not  use  a  safety  screen  to  identify  patients 
likely  to  tolerate  an  SAT,  and  significantly  higher 
sedative  doses  were  delivered  to  patients  in  the 
SAT  group.  Whereas  many  ICUs  continue  to 
employ  SATs  and  others  do  not,  one  thing  is 
clear — SATs  are  most  beneficial  when  they  result 
in  an  overall  reduction  of  sedative  exposure. 

Sedative-Related  Delirium 

Delirium  can  be  caused  by  a  variety  of  insults 
(e.g.,  both  respiratory  failure  and  sedatives  were 
implicated  in  this  case),  but  most  studies  to  date 
showing  that  delirium  is  associated  with  adverse 
outcomes — including  delayed  extubation,  pro¬ 
longed  hospitalization,  increase  mortality,  and 
long-term  cognitive  impairment  (see  Delirium 
and  Long-Term  Outcomes  section) — have  not 
distinguished  one  type  of  delirium  from  another. 
Thus,  it  is  not  known  if  certain  phenotypes  of 
delirium  are  more  injurious  (or  benign)  than 
others.  Sedative-related  delirium  has  recently 
received  attention  because  one  study  [20]  found 
that  patients  whose  delirium  resolved  within  2  h 
of  sedative  discontinuation  (so  called  rapidly 
reversible,  sedation-related  delirium)  had  better 
outcomes  than  those  whose  delirium  did  not 
resolve  quickly.  More  data  on  the  effects  of 
sedative-related  delirium  are  needed  before  it 
can  be  concluded  that  this  form  of  delirium  is 
not  harmful  given  that  this  study’s  results  were 
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based  on  a  very  small  number  (N=12)  of 
patients  who  had  rapidly  reversible,  sedation- 
related  delirium. 

Prevention  of  Delirium 

Critically  ill  patients  often  develop  delirium  early 
during  the  course  of  their  illness,  so  prevention  of 
delirium  in  the  ICU  is  a  major  challenge.  In  light 
of  evidence  from  the  geriatrics  literature  [21] 
suggesting  that  non-pharmacological  prevention 
strategies,  such  as  frequent  orientation,  sleep  pro¬ 
tocols,  and  early  mobilization,  are  effective  in 
some  settings,  similar  strategies  have  been  rec¬ 
ommended  in  the  ICU.  One  study,  for  example, 
found  that  ICU  patients  using  earplugs  to  pro¬ 
mote  sleep  had  less  confusion  than  those  without 
earplugs  [22],  and  another  found  that  mechani¬ 
cally  ventilated  ICU  patients  managed  with  early 
physical  and  occupational  therapy  spent  fewer 
days  delirious  than  those  in  the  control  group 
[23].  No  randomized  trial  to  date,  however,  has 
examined  whether  a  multicomponent  prevention 
protocol,  widely  considered  beneficial  outside 
the  ICU,  can  prevent  delirium  in  the  ICU.  Though 
the  risk  of  implementing  such  protocols  is  likely 
low,  the  cost  may  be  high  so  evidence  is  needed 
to  guide  use  of  prevention  protocols. 

Antipsychotics 

Though  not  used  in  the  current  case,  antipsychotics 
(whether  the  typical  agent,  haloperidol,  or  any  one 
of  a  number  of  atypical  antipsychotics)  are  fre¬ 
quently  used  to  treat  delirium  in  the  ICU  despite  a 
lack  of  evidence  from  randomized  trials.  Two  pla¬ 
cebo-controlled,  randomized  trials  [24,  25]  have 
now  reported  that  haloperidol  was  no  better  than 
placebo  in  reducing  delirium  in  the  ICU,  and  one  of 
these  also  found  no  benefit  with  ziprasidone,  an 
atypical  antipsychotic  [24].  One  small  trial  (N=36) 
did  suggest  that  quetiapine  hastened  resolution  of 
delirium  compared  with  placebo  [26],  but  neither 
atypical  nor  typical  antipsychotics  were  recom¬ 
mended  in  the  recent  SCCM  guidelines  [4]  given 
the  need  for  more  evidence  and  the  association 


between  these  drugs  and  adverse  events  in  other 
settings.  If  used  to  treat  delirium  in  the  ICU,  clini¬ 
cians  should  consider  discontinuing  antipsychotics 
prior  to  ICU  discharge  to  reduce  the  likelihood  that 
patients  will  be  unnecessarily  discharged  from  the 
hospital  with  a  new  prescription  for  one  of  these 
medications  [27]. 

Delirium  and  Long-Term  Outcomes 

Several  observational  studies  have  examined  the 
relationship  between  delirium  in  the  ICU  and 
long-term  outcomes  in  survivors  of  critical  ill¬ 
ness.  Initially  these  studies  focused  on  long-term 
mortality,  finding  that  (compared  with  non- 
delirious  patients)  those  with  delirium  in  the  ICU 
are  more  likely  to  die  in  the  months  to  years  after 
critical  illness  [28-30].  Though  one  recent  nega¬ 
tive  study  [31]  generated  some  controversy 
regarding  the  relationship  between  delirium  and 
mortality,  studies  examining  delirium  as  a  predic¬ 
tor  of  long-term  cognitive  impairment  have  been 
consistent — patients  with  delirium,  especially 
over  a  prolonged  period  of  time,  are  at  highest 
risk  for  long-term  cognitive  impairment  after 
critical  illness  [32-34],  a  poor  outcome  that  is 
now  recognized  to  affect  up  the  one-third  of  sur¬ 
vivors.  It  remains  unclear  whether  delirium  itself 
is  injurious  or  is  a  marker  of  underlying  brain 
injury,  and  the  mechanisms  of  brain  injury  lead¬ 
ing  to  delirium  and  long-term  cognitive  impair¬ 
ment  have  yet  to  be  firmly  elucidated.  The 
answers  to  these  questions  are  critically  impor¬ 
tant  given  that  the  most  effective  prevention  and 
treatment  strategies  are  likely  to  be  those  directed 
at  the  mechanisms  of  injury. 
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Case  Presentation 

A  55  year-old  woman  with  a  history  of  type  II 
diabetes  mellitus  and  hypertension  was  admitted 
for  acute  hypoxemic  respiratory  failure  from 
acute  respiratory  distress  syndrome  (ARDS)  sec¬ 
ondary  to  pneumonia  and  septic  shock.  She  was 
managed  with  lung  protective  ventilation,  antibi¬ 
otics,  vasopressors,  and  supportive  care.  Her 
clinical  course  was  complicated  by  delirium  and 
shock,  both  of  which  subsequently  resolved,  and 
acute  renal  failure  requiring  hemodialysis.  On 
day  14  of  mechanical  ventilation  she  followed 
commands  on  intermittent  analgesic  for  comfort, 
but  she  continued  to  fail  all  spontaneous  breath¬ 
ing  trials.  She  was  scheduled  to  undergo  trache¬ 
ostomy  the  next  day  to  facilitate  prolonged 
mechanical  ventilation. 

Question  What  approach  should  guide  this 
patient’s  ventilator  management? 

Answer  Daily  tracheostomy  collar  trials  as  long 
as  tolerated 
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Principles  of  Management 
Diagnosis 

Prolonged  mechanical  ventilation  (PMV)  is 
defined  as  requiring  mechanical  ventilation  for 
greater  than  14-21  days  for  acute  illness  or  injury. 
This  population  comprises  5-10%  of  mechani¬ 
cally  ventilated  patients;  their  long-term  mortal¬ 
ity,  hospital  lengths  of  stay,  and  resource 
utilization  are  significantly  higher  than  for  other 
mechanically  ventilated  patients  [1-3].  By  defi¬ 
nition,  PMV  patients  have  failed  to  be  weaned 
from  mechanical  ventilation  in  a  timely  manner 
using  standard  approaches.  They  are  often  weak 
with  skeletal  muscle  atrophy,  prone  to  delirium 
and  recurrent  infections,  and  can  develop  meta¬ 
bolic  complications  and  skin  breakdown. 
Therefore,  special  consideration  to  the  manage¬ 
ment  of  PMV  patients  is  required. 

Assess  Expected  Survival 

Because  PMV  patients  have  survived  the  imme¬ 
diate  phase  of  critical  illness  but  often  have  poor 
long-term  survival,  the  Proventl4  score  was 
developed  to  predict  1-year  mortality  in  patients 
requiring  PMV  [4].  Using  5  simple  clinical  vari¬ 
ables  measured  on  day  14  of  ventilation,  the 
Proventl4  score  can  accurately  predict  the  1-year 
mortality  for  this  population  (Table  28.1).  The 
case  patient  would  receive  a  score  of  3  -  1  point 
for  non-trauma,  1  point  for  hemodialysis,  and  1 
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Table  28.1  ProVentl4  score  and  associated  mortality 


Patient 

characteristics 

Points 

Total 

score 

1-year  mortality 
%  (95  %  Cl) 

Non-trauma 

1 

0 

4  (0,  9) 

Requiring 

vasopressors 

1 

1 

28  (19,  37) 

Requiring 

hemodialysis 

1 

2 

43  (35,  51) 

Platelet  count 
<100 

1 

3 

61  (52,  70) 

Age  50-64 

1 

4-6 

92  (84,  100) 

Age  >65 

2 

Data  from  Hough  et  al.  [4] 


point  for  her  age  -  and  would  have  an  expected 
1-year  mortality  of  61  %  (95  %  Cl  52-70).  These 
data  can  help  inform  discussions  with  the  patient 
or  their  surrogates  about  the  patient’s  values  and 
preferences  for  care. 

Place  Tracheostomy 

If  it  is  consistent  with  the  patient’s  goals  of  care, 
placement  of  a  tracheostomy  is  suggested  for 
several  potential  benefits: 

(a)  Improve  patient  comfort 

(b)  Reduce  need  for  sedation  or  analgesia 

(c)  Allow  for  easier  oral  care  and  suctioning 

(d)  Improve  weaning  from  mechanical 
ventilation 

(e)  Facilitate  earlier  rehabilitation,  communica¬ 
tion,  and  oral  nutrition 

(f)  Facilitate  transfer  to  lower  level  of  care 

Only  one  small  study  has  addressed  the 
impact  of  tracheostomy  on  patient  comfort  [5]. 
Among  13  responders,  100%  felt  the  tracheos¬ 
tomy  was  more  comfortable  than  an  endotra¬ 
cheal  tube.  Tracheostomy  use  is  increasing  over 
time,  likely  as  a  result  of  accepted  consensus 
recommendations  and  more  convenient  bedside 
approaches  [6].  Despite  this  increase,  the  best 
approach  to  performing  a  tracheostomy  remains 
unclear.  The  two  most  common  approaches  are 
percutaneous  dilational  tracheostomy,  using  a 
wire  and  a  series  of  dilators  (Fig.  28.1),  and  open 


surgical  tracheostomy.  There  is  little  convincing 
data  for  the  superiority  of  either  approach,  but  a 
recent  meta-analysis  suggests  that  most  out¬ 
comes  favor  percutaneous  placement  [7]. 

Daily  Tracheostomy  Collar  Trials 

In  the  only  randomized  clinical  trial  of  weaning 
approaches  in  PMV  patients,  patients  admitted 
to  a  long-term  acute  care  hospital  (LTAC)  were 
evaluated  for  readiness  for  weaning  or  liberation 
from  mechanical  ventilation  [8].  On  arrival, 
patients  were  placed  on  tracheostomy  collar  for 
up  to  120  h.  The  316  who  developed  respiratory 
distress  during  this  screening  time  were  random¬ 
ized  to  either  daily  tracheostomy  collar  for  up  to 
12  h  with  assist-control  ventilation  at  night,  or 
gradual  reduction  of  pressure  support  ventila¬ 
tion.  The  group  randomized  to  daily  tracheos¬ 
tomy  trials  was  liberated  from  mechanical 
ventilation  4  days  faster  than  the  daily  pressure 
support  reduction  group  (15  days  vs  19  days, 
respectively).  Based  on  this  evidence,  the  best 
approach  to  ventilator  management  for  PMV 
patients  is  to  perform  daily  tracheostomy  trials 
for  as  long  as  the  patient  can  tolerate,  with  full 
ventilator  support  at  night,  until  the  patient 
remains  off  for  12  h  for  2  consecutive  days. 
Then,  proceeding  with  longer  tracheostomy  col¬ 
lar  trials  is  appropriate. 

Early  Mobility 

All  mechanically  ventilated  patients  benefit  from 
efforts  to  limit  sedatives  and  facilitate  early 
mobility  during  mechanical  ventilation  [9,  10]. 
Implementing  protocols  to  institute  early  physi¬ 
cal  therapy  is  critical  to  improving  outcomes  for 
PMV  patients.  The  ABCDEF  bundle,  supported 
by  The  Society  of  Critical  Care  Medicine’s  ICU 
Liberation  Collaborative,  is  an  example  of  an 
approach  to  bundling  evidence-based  interven¬ 
tions  for  limiting  sedation,  preventing  pain  and 
delirium,  and  facilitating  early  mobility  and  com¬ 
munication  with  patient’s  families  [11-13]. 
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Fig.  28.1  Components  of  a  percutaneous  dilational  tracheostomy  kit  (Permission  for  use  granted  by  Cook  Medical, 
Bloomington,  Indiana) 


Speaking  Valve  Trials 

One  of  the  most  frustrating  symptoms  for  PMV 
patients  is  difficulty  with  communication  [14]. 
Lack  of  verbal  communication  causes  frustra¬ 
tion,  powerlessness,  and  apathy.  The  design  of 
some  speaking  valves  (Fig.  28.2)  permits  them  to 
be  used  in-line  with  mechanical  ventilation, 
allowing  for  earlier  initiation  of  communication. 
In  the  first  study  to  date,  the  safety  of  in-line 
speaking  valves  was  assessed  compared  to  his¬ 
torical  use  of  speaking  valves  after  weaning  from 
mechanical  ventilation  [15].  Patients  were  able  to 
resume  verbal  communication  an  average  of  9 
days  earlier,  with  no  impact  on  duration  of 
mechanical  ventilation  and  no  deleterious  effects 
on  patient  care.  Consideration  should  be  given  to 
earlier  adoption  of  speaking  valve  placement 
with  in-line  compatible  valves  and  ventilators. 

Tracheostomy  Removal 

No  data  exists  on  the  safest  process  of  tracheos¬ 
tomy  decannulation,  so  timing  and  methods  vary 
by  institution.  Common  techniques  include  grad¬ 
ual  downsizing  and  use  of  fenestrated  tracheos¬ 
tomy  tubes  (Fig.  28.3).  In  the  gradual  downsizing 


method,  after  the  patient  is  successfully  weaned 
from  mechanical  ventilation,  the  tracheostomy 
tube  is  downsized  to  a  size  4  or  6  cuffless  tube, 
and  the  tube  is  then  capped  with  a  speaking  valve 
or  other  cover.  Using  a  fenestrated  tracheostomy 
tube,  one  can  proceed  directly  from  the  initial  tra¬ 
cheostomy  tube  to  a  fenestrated  tube,  and  then 
proceed  with  capping  trials.  However,  the  fenes¬ 
trations  can  become  obstructed,  either  by  secre¬ 
tions  or  against  the  posterior  wall  of  the  trachea. 
In  this  case,  one  would  need  to  proceed  as  with  a 
non-fenestrated  tube. 

Evidence  Contour 

Timing  of  Tracheostomy 

One  of  the  most  controversial  topics  in  caring  for 
the  critically  ill  is  the  timing  of  tracheostomy 
placement.  Given  the  proposed  benefits,  clini¬ 
cians  might  favor  placing  the  tracheostomy  as 
early  as  possible,  but  this  should  be  balanced  by 
limiting  unnecessary  tracheostomy  placement. 
Despite  more  than  20  randomized  controlled  tri¬ 
als,  there  has  yet  to  be  a  demonstrated  benefit  of 
early  tracheostomy  on  mortality,  and  minimal  to 
no  benefit  on  duration  of  mechanical  ventilation, 
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Fig.  28.2  The  Passy- 
Muir®  speaking  valve  for 
use  with  tracheostomy, 
either  in-line  with  the  ven¬ 
tilator,  or  with  an  aerosol 
tracheostomy  collar 

(Image  courtesy  of  Passy- 
Muir,  Inc.  Irvine,  CA) 
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ICU  length  of  stay,  or  sedation  use.  In  the  largest 
clinical  trial  to  date,  nearly  1000  patients  were 
randomized  to  either  tracheostomy  in  the  first  4 
days,  or  after  10  days.  While  there  was  no  differ¬ 
ence  in  mortality  in  the  study,  the  most  remark¬ 
able  outcome  was  that  less  than  half  of  patients 
randomized  to  late  tracheostomy  ever  received  a 
tracheostomy.  This  suggests  that  half  the  trache¬ 
ostomies  placed  in  the  early  group  were  poten¬ 
tially  unnecessary.  The  available  evidence 
suggests  that,  despite  our  inclinations,  there  is 
little  to  no  benefit  to  tracheostomy  prior  to  10 
days  of  mechanical  ventilation.  Therefore,  we 
suggest  evaluation  of  the  patient’s  prognosis  by 
the  ProVentl4  score  at  day  14,  followed  by  a  dis¬ 
cussion  with  the  patient  and/or  their  surrogates 
regarding  the  expected  outcome  and  the  patient’s 
preferences  and  goals.  That  sets  the  appropriate 
stage  for  discussions  of  whether  a  tracheostomy 
is  indicated. 

Benefit  of  Transfer  to  LTAC 

The  use  of  LTACs  has  increased  dramatically 
over  the  last  two  decades;  nationally  nearly  5  % 
of  PMV  patients  are  transferred  to  an  LTAC  [16, 
17].  This  practice  can  lead  to  a  significant  reduc¬ 
tion  in  costs  and  length  of  stay  for  the  hospital, 
but  it  is  unclear  whether  LTAC  transfer  yields 
significant  savings  for  the  healthcare  system  as  a 
whole  [18,  19].  In  one  observational  study,  the 
costs  of  an  episode  of  illness  —  counting  time  in 
the  referring  hospital  and  referral  LTAC  —  was 


nearly  50  %  higher  for  patients  referred  to  LTACs 
compared  to  those  not  referred.  Total  hospital 
length  of  stay  was  also  increased  by  at  least  20 
days  for  those  referred  to  an  LTAC.  In  another 
study  that  also  included  time  in  skilled  nursing 
facilities,  LTAC  referral  resulted  in  lower  actual 
healthcare  costs  due  to  fewer  acute  hospital  read¬ 
missions  [20].  However  Medicare  payments  were 
higher  for  patients  referred  to  LTACs  because  of 
the  different  payment  systems.  While  appealing 
to  hospitals,  discharge  to  LTAC  can  result  in  cost- 
shifting  rather  than  cost  reduction,  with  little 
change  in  patient  outcome.  Yet  the  goals  of  LTAC 
care  for  this  patient  population  are  appropriate. 
Through  coordination  of  aggressive  physical 
therapy,  weaning  of  mechanical  ventilation, 
nutrition,  and  nursing  care,  many  LTACs  demon¬ 
strate  a  broad  patient-centered  strategy  that 
should  be  utilized  in  all  acute  care  hospitals. 

Survivorship  Clinics  and  Symptom 
Burden 

Over  the  last  few  years,  there  has  been  increased 
focus  on  the  long-term  physical,  cognitive,  and 
mental  health  effects  after  critical  illness  -  the 
post-intensive  care  syndrome  (PICS)  [21].  Given 
the  longer  period  of  critical  illness  for  PMV 
patients  and  their  known  poor  long-term  func¬ 
tional  outcomes,  the  impact  of  PICS  is  significant 
and  warrants  consideration  of  post-ICU  clinics. 
Some  recommendations  exist  for  organization  of 
these  clinics,  as  well  as  their  potential  for 
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Fig.  28.3  Fenestrated  tracheostomy  tube  This  image  has 
been  released  as  part  of  an  open  knowledge  project  by 
Cancer  Research  UK.  If  re-used,  attribute  to  Cancer 
Research  UK/Wikimedia  Commons 


improvement  of  posttraumatic  stress  disorder 
symptoms.  However  there  are  as  yet  limited  data 
on  how  they  impact  clinical  outcomes  and  they 
are  currently  not  widely  utilized  [22,  23].  There 
remains  great  potential  for  research  into  the  orga¬ 
nization,  structure  and  effectiveness  of  post-ICU 
clinics. 
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Ventilator-Associated  Pneumonia 
and  Other  Complications 


Jennifer  P.  Stevens  and  Michael  D.  Howell 


Case  Presentation 

A  55-year-old  woman  with  a  history  of  type  2  dia¬ 
betes  mellitus,  chronic  obstructive  pulmonary  dis¬ 
ease,  obesity  hypoventilation  syndrome,  and  sleep 
apnea,  along  with  coronary  artery  disease  with  a 
3-vessel  bypass  five  years  prior,  developed  new 
onset  shortness  of  breath  and  fever  after  babysit¬ 
ting  her  3 -year-old  grandchild.  She  arrived  at  the 
emergency  room  with  worsening  respiratory  sta¬ 
tus.  Her  ventilation  rapidly  deteriorated  despite  the 
use  of  noninvasive  positive  pressure  ventilation 
and  she  became  minimally  responsive,  prompting 
endotracheal  intubation  and  admission  to  the  med¬ 
ical  intensive  care  unit.  A  chest  x-ray  at  that  time 
showed  a  lobar  infiltrate.  Cultures  from  endotra¬ 
cheal  aspirates  were  negative.  After  three  days  of 
management  of  her  COPD  with  intravenous  ste¬ 
roids,  antibiotic  coverage  with  levofloxacin,  and 
inhaled  bronchodilator  therapy,  her  oxygenation 
continued  to  improve.  She  continued  to  fail  her 
spontaneous  breathing  trial,  however,  and 
remained  intubated.  On  ICU  day  5,  however,  she 
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developed  a  new  fever  and  her  oxygenation  wors¬ 
ened.  Having  previously  been  down  to  an  Fi02  of 
0.3,  this  fraction  was  increased  to  0.5,  and  her 
PEEP  was  increased  to  10  cm  from  5  cm  of  water 
to  maintain  adequate  oxygenation.  A  chest  xray 
now  shows  diffuse,  bilateral  infiltrates  (Fig.  29.1). 

Question  What  is  this  patient’s  diagnosis? 

Answer  Ventilator- Associated  Pneumonia  (VAP) 

Despite  aggressive  and  supportive  management, 
pneumonias  that  arise  from  hospital  settings  remain 
a  challenging  and  enduring  clinical  entity.  Ventilator- 
associated  pneumonia  is  defined  as  pneumonia  in 
those  patients  who  have  been  intubated  for  at  least 
two  to  three  days,  with  worsening  radiographic  fea¬ 
tures,  increasing  secretions,  bronchospasm,  or 
hemoptysis,  or  with  worsening  status  on  the  ventila¬ 
tor.  While  early  treatment  is  essential,  rapid  de-esca¬ 
lation  of  antibiotics  in  the  face  of  negative  culture 
results  is  also  important.  Sampling  of  the  respiratory 
tract  is  necessary  to  further  guide  management  and 
noninvasive  sampling  is  preferred  [1].  Samples  may 
be  obtained  either  through  tracheobronchial  aspira¬ 
tion,  bronchoalveolar  lavage,  mini-BAL,  or  pro¬ 
tected  specimen  brush  (PSB).  Careful  observation 
of  individual  hospitals’  bacterial  antibiogram  is 
essential  to  provide  treatment  targeted  to  the  resis¬ 
tance  profile  of  each  institution.  The  most  common 
MDR pathogens  include  P.  aeruginosa,  Escheriochia 
coli,  Klebsiella  pneumonia,  and  Acinetobacter  spe¬ 
cies  as  well  as  methicillin-resistant  S.  aureus  [2]. 
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Fig.  29.1  Chest  xray  on  ICU  day  5 

Principles  of  Management 

Rapid  Identification  and  Empiric 
Treatment  of  VAP  Is  Essential 

A  high  suspicion  for  VAP  followed  by  rapid  diag¬ 
nosis  and  treatment  is  critically  important. 
Zilberberg  and  colleagues  found  that  among 
nearly  400  patients  alive  at  48  h  with  HCAP, 
inappropriate  empiric  antibiotic  therapy  was 
associated  with  a  significant  increase  in  mortality 
(30%  versus  18.3%,  p  =  0.013;  OR  2.88  95%  Cl 
1.46-5.67  in  multivariable  logistic  regression). 
Treatment  escalation  did  not  change  the  risk  of 
death  in  this  single-center  study  [3] .  Unfortunately, 
treatment  is  often  delayed.  In  one  study  among 
107  patients,  30.7  %  of  patients  had  their  therapy 
for  VAP  inappropriately  delayed,  defined  as  >  24 
h  passing  between  VAP  onset  and  providing  the 
appropriate  antimicrobial  treatment.  A  delay  in 
writing  the  antibiotic  orders  was  the  primary  rea¬ 
son  for  delay  in  therapy  in  75  %  of  cases  [4]. 

Treat  Patients  with  VAP  Broadly 
for  Multidrug  Resistant  Organisms 

Patients  with  VAP  should  universally  initiated  on 
therapy  for  (1)  MRS  A  (for  example,  with  vanco¬ 
mycin  or  linezolid)  and  for  (2)  resistant  gram- 
negatives,  such  as  Pseudomonas  aeruginosa, 
Klebsiella  pneumoniase,  and  Acinetobacter  spe¬ 


cies.  Treatment  options  could  include:  antipseu- 
domonal  cephalosporins  (cefepime  or 
ceftazidime),  antipseudomonal  carbapenems 
(imipenem  or  meropenem),  P-Lactam/p-lactamase 
inhibitor  (piperacillin-tazobactam).  For  patients 
for  whom  combination  therapy  is  considered  (see 
Evidence  Contour  below),  addition  of  an  antip¬ 
seudomonal  flouroquinolone  or  an  aminoglyco¬ 
side  should  be  considered.  The  dominant 
pathogens  in  one’s  local  ICU  should  also  contrib¬ 
ute  to  decision  making  for  appropriate  choices  of 
therapy  but  should  be  guided  by  the  overall  prin¬ 
ciples  of  the  ATS/IDSA  guidelines,  as  demon¬ 
strated  by  the  IMPACT  HAP  collaboration  [5,  6]. 

In  addition  to  MDR  risk  factors,  appropriate 
antimicrobial  therapy  should  consider  the 
patient’s  risk  factors  for:  (1)  extended- spectrum 
beta-lactamase-producing  Enterobactereriaceae ; 
(2)  Legionella ;  and  (3)  anaerobes.  If  ESBL 
Enterobactereiaceae  is  suspected,  a  carbapenem 
should  be  used.  Concerns  about  Legionella 
should  prompt  use  of  a  macrolide  or  fluroquino- 
lone  over  an  aminoglycoside.  Some  providers 
would  treat  patients  with  recent  aspiration  events 
for  anaerobes,  using  clindamycin,  p-Lactam/p— 
lactamase  inhibitors,  or  a  carbapenem. 

For  all  other  patients  for  whom  the  suspicion 
of  VAP  is  low,  appropriate  therapy  should  be 
guided  by  the  patient’s  risk  factors  for  multidrug 
resistant  organisms.  In  the  absence  of  risk  factors 
for  MDR  organisms,  the  ATS/IDSA  guidelines 
recommend  antibiotic  therapy  that  targets 
Streptococcus  pneumonia,  Haemophilus  influ¬ 
enza,  Methicillin- sensitive  Staphylococcus 
aureus ,  and  antibiotic-sensitive  enteric  gram  neg¬ 
atives:  ceftriaxone  or  levofloxacin,  moxifloxacin, 
or  ciprofloxacin,  ampicillin/sulbactam  or  ertape- 
nem  [2] .  While  not  all  patients  with  HCAP  have 
MDR  organisms,  distinguishing  between  the  two 
may  be  difficult  with  recent  residence  in  a  nurs¬ 
ing  home  or  hospitalization  for  more  than  48  h  in 
the  past  3  months  appearing  to  increase  the 
patient’s  risk  the  most  [7,  8]. 

Duration  ofTherapy -8or  15  Days 

Patients  with  ventilator- associated  pneumonia 
should  have  the  duration  of  antimicrobial  therapy 
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guided  by  type  of  organism.  In  a  study  of  401 
patients  using  a  randomized  controlled  design, 
there  was  no  difference  in  mortality  in  the  arm 
treated  for  8  days  versus  15  days,  although 
patients  with  Pseudomonas  spp.  had  higher  rates 
of  recurrence  [9].  A  subsequent  meta- analysis 
demonstrated  patients  with  lactose  non¬ 
fermenting  gram-negative  bacilli  had  nearly  a 
2-fold  increased  odds  of  recurrence  with  shorter 
therapy  courses  [10].  However,  more  recent  sys¬ 
tematic  reviews  and  the  ATS/IDS  A  2016  guide¬ 
line  [2]  has  challenged  this  distinction.  The 
current  recommendation  for  all  VAP,  including 
non-fermenting  gram-negative  bacilli,  is  to  treat 
for  a  short  course  (7  or  8  days)  [11]. 

Rapidly  De-Escalate  Antimicrobial 
Therapy 

It  is  critical  to  de-escalate  antimicrobial  therapy 
when  a  specific  pathogen  has  been  identified,  or 
when  cultures  are  negative  at  around  72  h.  This 
helps  prevent  over-use  of  antibiotics  and  the 
development  of  resistance.  Observational  data 
provide  a  strong  safety  signal.  In  a  study  of  surgi¬ 
cal  patients,  neither  mortality  (34  %  versus  42  %) 
nor  recurrent  pneumonias  (27  %  versus  35%)  dif¬ 
fered  between  patients  with  VAP  who  underwent 
de-escalation  versus  those  who  did  not  [12]. 
Among  398  patients  with  VAP  in  Kollef  et  al.,  de- 
escalation  of  therapy  occurred  for  22  %  of  patients. 
These  patients  had  a  lower  mortality  rate  (17  %) 
than  those  patients  who  underwent  escalation 
(43  %)  or  who  had  not  change  to  their  regimens 
(24%)  [13]. 

Another  possible  guide  to  safely  de-escalate 
antibiotic  therapy  may  be  procalcitonin  levels.  In 
subgroup  analyses  of  the  PRORATA  trial,  inves¬ 
tigators  found  that  patients  with  ventilator- 
associated  pneumonia  assigned  to  the  study  arm 
(where  antibiotics  were  discontinued  after  pro¬ 
calcitonin  levels  reached  <0.5  pg)  had  3.1  fewer 
days  (95%  Cl  0.7  days  -  5.6  days)  than  those 
patients  assigned  to  the  control  arm,  without  a 
difference  in  mortality  found  in  the  overall  study 
[14].  Other  studies  that  have  looked  at  procalcito¬ 
nin  to  guide  therapy  for  undifferentiated  septic 
shock  or  in  broader  settings  have  replicated  that 


mortality  does  not  appear  to  be  affected  when 
procalcitonin  is  used  to  guide  therapy,  although 
the  findings  on  duration  of  antibiotics  is  more 
heterogeneous  [15,  16].  Current  recommenda¬ 
tions,  however,  are  to  continue  to  use  clinical  evi¬ 
dence  rather  than  biomarkers  [2] . 

Clinicians  Should  Remain  Vigilant 
for  Other  Causes  of  Fever  in  the  ICU 

Not  all  fevers  are  pneumonia,  even  in  ICU 
patients  with  radiographic  infiltrates.  If  patients 
are  not  improving  at  48-72  h  and  respiratory  cul¬ 
tures  taken  before  antibiotics  are  negative,  be 
vigilant  for  other  causes  of  fever  (such  as  central 
line  infections,  etc.)  and  for  complications  of 
pneumonia  (such  as  empyema).  This  scenario 
should  also  prompt  reconsideration  of  the  poten¬ 
tial  presence  of  resistant  pathogens,  and  it  may 
warrant  consultation  with  infectious  disease 
specialists. 

Evidence  Contour 

Invasive  Versus  Noninvasive 
Sampling  Strategies 

In  all  patients  with  suspected  VAP,  obtain  an 
endotracheal  aspirate  for  culture  at  minimum. 
Whether  to  pursue  bronchoscopic  sampling  (or 
other  invasive  techniques)  is  more  controversial. 
Endotracheal  aspirates  are  very  sensitive  -  a  neg¬ 
ative  result  is  quite  helpful  because  it  has  a  high 
negative  predictive  value.  Positive  results  can  be 
harder  to  interpret.  In  one  study,  in  52  episodes  of 
pneumonia,  endotracheal  aspirate  was  found  to 
have  a  sensitivity  of  97.7  %  and  specificity  of  50% 
as  compared  with  protected  brush  specimen  [17]. 
Other  studies  have  employed  the  Clinical 
Pulmonary  Infection  Score  (CPIS)  with  a  cut-off  of 
6  as  a  noninvasive  method  of  identifying  patients 
with  VAP,  using  autopsy  findings  of  pneumonia  as 
the  gold  standard  (Table  29.1)  [18].  Fabregas  et  al. 
found  a  score  of  greater  than  6  had  a  sensitivity  of 
77%  but  a  specificity  of  42%  [19].  Conversely, 
bronchoscopic  sampling  may  be  less  sensitive  but 
is  more  specific  for  pneumonia.  Randomized 
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Table  29.1  Calculation  of  the  clinical  pulmonary  infec¬ 
tion  score  (CPIS) 


Parameter 

Points 

Temperature 

36.5-38.4 

0 

38.5-38.9 

1 

>39.0  and  <36.0 

2 

Blood  leukocytes/mm3 

4000-11,000 

0 

<4000  or  >11,000 

1 

Above + band 
forms  >500 

2 

Tracheal  secretions 

<14+ 

0 

>14+ 

1 

Above  plus 
purulence 

2 

Oxygenation, 

Pa02:Fi02,  mmHg 

>240  or  ARDS 

0 

<240  and  no 

ARDS 

2 

Pulmonary  radiograph 
finding 

No  infiltrate 

0 

Diffuse  or  patchy 
infiltrate 

1 

Localized 

inhlitrate 

2 

Culture  of  tracheal 
aspirate  specimen 

Pathogenic 
bacteria  cultured 
<1  or  growth 

0 

Pathogenic 
bacteria  culture 
>1+ 

1 

Above  plus  same 
bacteria  on  gram 
stain  >1+ 

2 

The  score  may  be  calculated  as  a  noninvasive  method  of 
determining  whether  a  patient  is  a  low-risk  for  pneumo¬ 
nia.  A  score  of  more  than  6  has  a  77  %  sensitivity  and 
42%  specificity  to  identify  VAP  [19] 

controlled  trials  are  mixed.  An  RCT  of  413  patients 
found  no  benefit  to  invasive  sampling  in  unadjusted 
analyses,  but  did  after  adjustment  for  baseline  fac¬ 
tors  [20].  A  more  recent  RCT  of  740  patients  found 
no  benefit  to  bronchoalveolar  lavage  over  endotra¬ 
cheal  aspirate  [21].  Our  practice  is  to  perform 
immediate  endotracheal  aspirate  in  all  patients  with 
suspected  VAP,  but  to  reserve  bronchoalveolar 
lavage  or  protected  brush  for  selected  cases. 

Effective  Treatment  Strategies 
for  MRSA  VAP 

The  current  recommendation  from  the  ATS/IDS  A 
is  for  coverage  with  either  (1)15  mg/kg  of  vanco¬ 


mycin  every  12  h  with  a  target  serum  trough 
between  15  and  20  mg/kg  OR  (2)  600  mg  of  line- 
zolid.  One  major  prospective  trial  of  1184  patients, 
however  suggested  that  linezolid  may  be  superior  to 
vancomycin.  In  this  study,  46  %  of  patients  treated 
with  vancomycin  had  cultures  persistently  positive 
for  MRSA,  while  only  17  %  of  patients  treated  with 
linezolid  did.  At  60  days,  however,  there  was  no 
difference  in  mortality  rates,  although  nephrotoxic¬ 
ity  did  occur  at  greater  rates  with  vancomycin  [22]. 
As  research  in  this  space  continues  to  evolve,  line¬ 
zolid  may  be  a  particularly  good  option  among 
patients  with  renal  failure,  although  current  guide¬ 
lines  suggest  either  therapy  for  treatment. 

Utility  of  ATS/IDSA  Recommendations 
for  Dual  Gram-Negative  Coverage 

Coverage  with  a  second  agent  for  gram-negative 
bacilli  may  be  warranted  based  on  local  micro¬ 
biologic  patterns  and  was  recommended  by  the 
2005  recommendations  for  VAP  treatment  by  the 
ATS/IDSA  [2].  Current  recommendations  from 
the  2016  update  are  to  prescribe  2  antipseudo- 
monal  antibiotics  when  patients  have  risk  factors 
for  antimicrobial  resistance,  when  the  prevalence 
of  gram-negative  isolates  resistant  to  the  pro¬ 
posed  monotherapeutic  agent  exceds  10  %,  and 
when  antimicrobial  susceptibaility  rates  are 
unavailable  [2].  However,  it  is  worth  noting  that 
synergy  of  medications  has  only  been  demon¬ 
strated  in  vitro  and  in  neutropenic  or  bacteremic 
patients  and  one  randomized  controlled  trial  did 
not  demonstrate  differences  in  clinical  outcomes 
between  monotherapy  and  combination  therapy 
groups  [6,  23,  24].  An  observational  cohort  study 
in  Lancet  suggested  combination  therapy  may  be 
harmful,  as  the  cohort  of  patients  with  ATS/ 
IDSA-compliant  antimicrobial  therapy  had  a 
higher  risk  of  death  at  28  days  than  the  noncom- 
pliant  group  [25].  This  remains  controversial, 
whether  these  individuals  were  at  higher  risk  of 
death  from  the  medications,  the  infections,  or 
misidentification  of  them  as  at  higher  risk  for 
MDR  infection.  Further  research  will  be  neces¬ 
sary  to  identify  who,  if  anyone,  should  be  receiv¬ 
ing  such  broad  antibiotic  coverage  from  the 
outset. 
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Evolving  Surveillance  Definitions 

While  clinical  suspicion  and  identification  of 
ventilator-associated  pneumonia  should  remain 
high,  significant  controversy  has  revolved  around 
establishing  a  reliable  epidemiological  surveil¬ 
lance  definition.  Prior  to  January  2013  the 
Centers  for  Disease  Control’s  surveillance  report¬ 
ing  definition  the  included  several  subjective 
components,  including  the  change  in  the  “charac¬ 
ter  of  sputum”  and  in  radiographs  [26-30].  As  a 
result,  several  studies  identified  little  agreement 
either  across  infection  control  experts  at  a  single 
institution  [31]  or  across  multiple  institutions 
[32].  Other  definitions  that  sought  to  identify  epi¬ 
sodes  of  VAP  either  through  greater  invasive 
strategies  or  through  other  scoring  mechanisms 
fared  equally  poorly  [33]. 

In  response,  an  effort  of  many  professional 
societies  and  the  CDC  generated  an  alternative 
approach  with  the  creation  of  the  entity  Ventilator 
Associated  Event  (VAE)  [34] .  Intended  to  cast  a 
broader  net,  this  newly-defined  condition  is 
intended  to  identify  the  majority  of  iatrogenic 
harm  from  mechanical  ventilation,  including  but 
not  limited  to  pneumonia  [35,  36].  Further,  it  is 
designed  to  be  reliable  as  it  is  solely  based  on  any 
changes  made  to  the  ventilator  that  would  indi¬ 
cate  worsening  oxygenation  after  a  period  of  sta¬ 
bility  and  at  least  three  days  into  the  course  of 
mechanical  ventilation.  Review  of  radiology  has 
been  removed  from  the  definition.  There  are  sub¬ 
sequent  sub-categories  of  harm,  including  prob¬ 
ably  or  possible  pneumonia,  which  are  based  on 
antibiotic  changes  and  evidence  of  positive  quali¬ 
tative  or  quantitative  cultures.  (Table  29.2)  [34]. 

While  several  studies  have  shown  that  this 
definition  does  lead  to  a  reliable  identification  of 
individuals  at  higher  risk  of  in-hospital  mortality, 
it  remains  unclear  the  breadth  of  true  disease 
states  captured  by  definition  [37,  38].  Lilly  and 
colleagues  found  that  the  new  VAE  definition 
captured  neither  pneumonias  nor  hospital-acquired 
complications  93%  of  the  time  [39].  In  contrast, 
Boudma  and  colleagues  found  ventilator-associated 
condition  to  be  reasonably  sensitive  at  identifying 
episodes  of  VAP  (0.92)  but  not  specific  (0.28)  [40]. 
Further,  Adult  Respiratory  Distress  Syndrome  is 
likely  to  be  captured  alongside  VAP  under  the 


Table  29.2  National  Health  Safety  Network  definition 
of  Ventilator- Associated  Event 


Type  of 
ventilator- 
associated  event 

Definition 

Ventilator- 

Either: 

associated 

1.  An  increase  in  daily  minimum 

condition 

FiO2>0.20 

(VAC) 

OR 

2.  An  increase  in  daily  minimum 
PEEP  values  of  >3  cm  H20 

Either  must  be  sustained  for  2  or 
more  calendar  days 

Infection- 

VAC 

related 

PLUS 

ventilator- 

1.  Temperature  >38°  or  <36°  OR 

associated 

WBC  >12,000  cells/mm3  or 

condition 

<4,000  cells/mm3 

(iVAC) 

AND 

2.  A  new  antimicrobial  started 
and  continued  for  4  or  more  days 

Possible 

iVAC 

ventilator 

PLUS 

associated 

1 .  Purulent  respiratory  secretions 

pneumonia 

OR 

2.  A  positive  qualitative, 
semi-qualitative,  or  quantitative 
culture  of  sputum,  endotracheal 
aspirate,  bronchoalveolar  lavage, 
lung  tissue  or  protected  specimen 
brushing 

Probable 

iVAC 

ventilator 

PLUS 

associated 

1.  Purulent  respiratory  secretions 

pneumonia 

AND  a  positive  semi- 
quantitative,  or  qualitative  culture 
of  sputum,  endotracheal  aspirate, 
bronchoalveolar  lavage,  lung 
tissue  or  protected  specimen 
brushing 

OR 

2.  A  positive  pleural  fluid  culture, 
positive  lung  histopathology,  a 
positive  diagnostic  test  for 
Legionella  spp.,  a  positive  test  on 
respiratory  secretions  for 
influenza  virus,  respiratory 
syncytial  virus,  adenovirus, 
parainfluenza  virus,  rhinovirus, 
human  metapneumovirus, 
coronavirus 

A  patient  must  be  intubated  with  stable  ventilator  settings 
for  2  or  more  days  before  this  may  be  applied 


larger  label  of  VAE  [39,  41].  The  first  major  inter¬ 
vention  study  to  date  designed  to  attempt  to  reduce 
rates  of  VAE  demonstrated  found  spontaneous 
awakening  trials  and  spontaneous  breathing  trials 
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Table  29.3  Recommendations  from  the  Society  of 
Healthcare  Epidemiology  of  America  and  the  Infectious 
Disease  Society  of  America’s  2014  updated  recommenda¬ 
tions  for  YAP  prevention  [36] 


Recommendation 

Level  of 
recommendation 

Minimizing  sedation  and 
assessing  readiness  to  extubate 
daily  through  pairing 
spontaneous  breathing  trials  and 
spontaneous  awakening  trials, 
which  have  been  shown  in  two 
randomized  control  trials  and  one 
meta-analysis  to  reduce  length  of 
stay  and  duration  of  mechanical 
ventilation  [43-46] 

HIGH 

Instituting  early  mobilization  and 
physical  therapy,  which  has  been 
shown  to  decrease  length  of  stay 
and  improve  earlier  return  to 
independent  function  [47] 

MODERATE 

Implementing  strategies  to 
reduce  pooling  of  secretions 
above  the  endotracheal  tube  cuff, 
such  as  using  endotracheal  tubes 
with  subglottic  suctioning  for 
patients  requiring  mechanical 
ventilation  of  48  h  or  more 
[48-50].  A  meta-analysis 
demonstrated  reduction  in  VAP 
rates  and  length  of  mechanical 
ventilation  [51] 

MODERATE 

Changing  ventilator  circuits  only 
when  needed  rather  than  on  a 
schedule,  which  does  little  to 
decrease  VAPs  but  does  reduce 
costs  [52] 

HIGH 

Making  use  of  noninvasive 
positive  pressure  ventilation 
(NIPPV)  whenever  possible,  but 
only  in  the  populations  which 
have  been  shown  to  have  some 
benefit  (e.g.  in  chronic 
obstructive  pulmonary  disease  or 
cardiogenic  pulmonary  edema) 

[53].  This  recommendation, 
however,  cautions  use  of  NIPPV 
that  may  delay  intubation,  such 
as  profound  hypoxemia,  acute 
respiratory  distress  syndrome  or 
impaired  consciousness  [54] 

HIGH 

Keeping  the  head  of  the  bed 
elevated  to  at  least  30°,  which 
has  only  been  shown  to  decrease 
VAP  rates  in  one  of  three 
randomized  control  trials,  but  has 
little  downside  [55-57] 

LOW 

to  be  effective  [42].  However,  this  remains  a  sig¬ 
nificant  area  of  evolving  science. 

New  and  Old  Strategies 
to  Prevent  VAP 

Other  modifiable  risk  factors  for  patients  with 
VAP  should  be  considered,  in  an  effort  to  mini¬ 
mize  the  likelihood  of  developing  VAP  at  the  out¬ 
set.  These  were  described  in  a  recent  update  on 
preventing  ventilator  associated  pneumonia  by 
the  Society  for  Healthcare  Epidemiology  of 
America  (SHEA)  and  the  Infectious  Disease 
Society  of  America  (IDSA)  and  are  summarized 
in  Table  29.3  [36]. 
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Case  Presentation 

A  65  year  old  gentleman  with  Idiopathic 
Pulmonary  Fibrosis  (IPF)  diagnosed  2  years  prior 
by  imaging  and  surgical  lung  biopsy  is  evaluated 
for  acute  on  chronic  shortness  of  breath. 
Previously  he  was  able  to  take  care  of  his  activi¬ 
ties  of  daily  living  with  supplemental  oxygen 
administered  by  nasal  cannula  at  4 1/min.  One  day 
prior  to  presentation  his  breathlessness  rapidly 
escalated  over  the  course  of  a  day,  with  inability 
to  ambulate  or  bathe,  prompting  evaluation.  He 
had  no  fevers,  sick  exposures,  change  in  his  base¬ 
line  cough,  or  lower  extremity  edema.  He  is  on  no 
treatment  other  than  oxygen  for  his  condition. 

Upon  evaluation  in  the  emergency  room  he  is 
noted  to  require  100%  oxygen  to  maintain  his 
oxygen  saturation,  although  saturation  continued 
to  fall  with  minimal  movement.  Arterial  blood 
gas  showed  a  pH  of  7.5,  PC02  of  44,  Pa02  of  65 
with  saturation  of  91  %  on  100%  oxygen  by  face 
mask.  His  hypoxemia  continued  to  worsen  and 
he  required  invasive  mechanical  ventilation.  He 
was  admitted  to  the  intensive  care  unit  (ICU). 

On  evaluation,  beta  naturetic  peptide  and 
echocardiogram  were  normal  and  he  was  without 
signs  of  volume  overload.  White  blood  cell  count 
was  elevated  to  14,000  per  mm3  (normal  4,000- 
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10,000  per  mm3).  A  computed  tomography  of  the 
chest  was  completed  and  lung  windows  are 
shown  in  Fig.  30.1  alongside  his  baseline  CT 
scan.  Contrast  to  enhance  the  pulmonary  vascula¬ 
ture  showed  no  evidence  of  venothromboembo- 
lism.  Bronchoscopy  is  completed  and  alveolar 
lavage  was  negative  for  infectious  organisms 
including  respiratory  virus  polymerase  chain 
reaction  (PCR). 

Question  What  is  the  likely  diagnosis? 

Answer  The  patient  has  most  likely  suffered  an 
acute  exacerbation  of  IPF  (AE-IPF). 

The  triggers  as  well  as  etiologies  for  AE-IPF 
are  not  known.  The  cardinal  features  are  acute 
clinical  worsening  (<30  days)  in  a  patient  with 
known  or  newly  diagnosed  IPF  with  acceleration 
of  dyspnea  and/or  hypoxemia  and  new  radiologic 
changes,  typically  ground  glass  opacities,  on  a 
background  of  fibrotic  disease  (example  Fig.  30. 1) 
[1,  2].  The  underlying  pathologic  insult  is  classi¬ 
cally  described  as  diffuse  alveolar  damage  [3],  the 
histologic  finding  of  ARDS,  which  has  been 
superimposed  on  usual  interstitial  pneumonia. 
Common  concomitant  symptoms  mimic  a  viral 
lower  respiratory  tract  infection  with  fever,  mal¬ 
aise,  flu  like  symptoms  and  cough;  though  these 
symptoms  are  not  needed  to  make  the  diagnosis 
[1,2].  Infection  is  the  chief  differential  diagnosis. 
Ideally,  infection  is  excluded  by  bronchoalveolar 
lavage  (BAL)  as  in  the  case  presentation;  how- 
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Fig.  30.1  (a)  Baseline  CT  scan  of  patient  with  basal  pre¬ 
dominant  interlobular  septal  thickening  and  traction  bron- 
chiechtasis  and  mild  (lower  right  lung)  honeycombing 

ever  given  the  worsening  hypoxemia  in  addition 
to  typical  poor  baseline  pulmonary  health  a  BAL 
may  precipitate  a  life-threatening  impairment  in 
gas  exchange.  If  the  lower  airways  cannot  be  sam¬ 
pled  by  BAL,  treatment  for  typical  bacterial 
organisms  or  hospital  acquired  organisms  if  appli¬ 
cable  are  employed  presumptively.  If  structural 
lung  disease  exists  (as  most  patients  usually  have 
traction  bronchiectasis)  it  may  be  worthwhile  to 
treat  Pseudomonas  on  an  empiric  basis.  Other 
conditions  that  need  to  be  excluded  are  pneumo¬ 
thorax,  pulmonary  hypertension,  left  ventricular 
failure  from  systolic  or  diastolic  dysfunction,  pul¬ 
monary  embolism,  or  acute  respiratory  distress 
syndrome  of  other  known  causes  (i.e.  sepsis,  pan¬ 
creatitis,  trauma,  pneumonia.  For  more  detail  see 
Chap.  21).  Cross-sectional  imaging  is  used  to  rule 
out  small  pneumothorax  not  seen  as  well  as  to 
confirm  radiologic  changes,  which  usually  are 
ground  glass  in  appearance,  but  dense  infiltrates 
can  also  be  seen.  A  CT  pulmonary  angiogram  has 
the  advantage  of  evaluating  for  pulmonary 
embolus  in  patients  without  renal  failure. 

In  sum,  AE-IPF  is  diagnosed  when  a  patient 
with  IPF  has  acute  worsening  of  dyspnea  and/or 
hypoxemia  as  well  as  new  ground  glass  opacities 
on  CT  after  exclusion  of  the  conditions  below. 


typical  of  IPF.  (b)  CT  scan  of  the  same  patient  after  pre¬ 
sentation  for  acute  on  chronic  dyspnea  and  worsened 
hypoxemia 

Diffuse  alveolar  damage  is  the  typical  underlying 
histopathology. 

Principles  of  Management 

Incidence  and  Prognosis 

Based  on  prospective  trials  of  IPF  the  incidence  of 
AE-IPF  can  be  estimated.  The  incidence  of  acute 
exacerbation  and  IPF  is  approximately  2-14  %  per 
year  [4-6].  Acute  exacerbations  are  often  devas¬ 
tating.  If  patients  require  mechanical  ventilation, 
mortality  has  been  reported  to  be  78-86%  [7,  8]. 
Some  authors  have  proposed  that  this  condition  is 
futile  and  these  patients  should  not  receive  critical 
care  intervention  such  as  mechanical  ventilation 
[9,  10].  Others  have  argued  and  shown  that  even 
short  term  survival  allows  a  window  for  pulmo¬ 
nary  transplantation  [8].  An  accurate  diagnosis  is 
of  utmost  importance  to  exclude  reversible  causes. 

Pathologic  insult:  The  classical  description  of 
pathologic  insult  due  to  acute  exacerbation  of  IPF 
is  diffuse  alveolar  damage  [3],  which  is  the  same 
as  ARDS,  but  here  is  superimposed  on  the  patho¬ 
logical  findings  of  idiopathic  pulmonary  fibrosis: 
usual  interstitial  pneumonia. 
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Corticosteroids 

As  idiopathic  pulmonary  fibrosis  is  a  rare  condition, 
and  acute  exacerbations  occur  spontaneously  and 
abruptly,  large  prospective  randomized  trials  evalu¬ 
ating  treatment  are  lacking.  Expert  consensus  rec¬ 
ommends  treatment  with  corticosteroids  though 
recommended  dosage  has  not  been  established  [11]. 
Dosing  ranges  from  Solu-Medrol  of  1  mg/kg  up  to 
“pulse”  doses  of  1000  mg  per  day  [1].  It  is  our  prac¬ 
tice  to  use  2  mg/kg/day  of  Solu-Medrol  in  divided 
doses  similar  to  what  has  been  used  in  ARDS  [12], 
given  the  similar  underlying  histopathologic  insult. 

Supportive  Care 

Supportive  care  is  essential  for  treatment  of  idio¬ 
pathic  pulmonary  fibrosis  given  the  lack  of 
evidence-based  therapies.  Mechanical  intubation 
is  typically  needed  but,  noninvasive  ventilation 
can  be  attempted  (see  below).  While  evaluation 
for  conditions  listed  in  Table  30.1  is  suggested, 
this  is  not  always  possible  in  a  given  patient. 
Presumptive  treatment  with  antibacterial  agents 
and  diuretics  in  conjunction  with  systemic  corti¬ 
costeroids  are  typically  administered  unless  sig¬ 
nificant  contraindications  exist.  Heparin  can  also 
be  considered  if  pulmonary  embolism  cannot  be 
adequately  excluded. 

Palliative  Care 

Acute  exacerbation  of  idiopathic  pulmonary 
fibrosis  is  often  in  terminal  event.  Patients  and 
family  should  be  made  aware  of  this  poor  prog¬ 
nosis  to  allow  appropriate  decisions  about  possi¬ 
bly  limiting  intensive  care  interventions.  Ideally, 

Table  30.1  Conditions  to  be  excluded  in  the  diagnosis  of 
AE-IPF 

Pneumothorax 

Cardiogenic  pulmonary  edema 
Pulmonary  embolus 

Identifiable  cause  of  acute  lung  injury  or  ARDS 
Lower  respiratory  tract  infection 
Pulmonary  hypertension 


goals  of  care  planning  would  occur  in  the  outpa¬ 
tient  setting  prior  to  clinical  worsening.  In 
patients  who  are  not  transplant  candidates,  pallia¬ 
tive  care  is  often  a  valid  choice  [9] . 

Ensure  Correct  Diagnosis 

The  diagnosis  of  acute  exacerbation  of  IPF  is  in 
the  domain  of  the  intensivist.  However  diagnosis 
and  management  of  idiopathic  pulmonary  fibrosis 
is  usually  the  realm  of  the  pulmonologist. 
Ensuring  that  the  patient  has  an  accurate  diagno¬ 
sis  of  idiopathic  pulmonary  fibrosis  is  critical  to 
determining  prognosis  for  the  underlying  condi¬ 
tion.  Fibrotic  lung  disease  associated  with  collagen- 
vascular  disease,  such  as  polymyositis,  has  also 
been  associated  with  acute  exacerbations,  and  may 
have  a  better  prognosis  [13].  Many  pulmonologists 
who  are  less  familiar  with  interstitial  lung  diseases 
often  incorrectly  attribute  all  types  of  lung  fibrosis 
to  idiopathic  pulmonary  fibrosis  [14].  Given  the 
disparate  outcomes,  accurate  discrimination  of  IPF 
from  other  fibrotic  lung  diseases  is  critical.  Clues 
on  CT  scan  suggesting  the  diagnosis  of  IPF  are 
lower  lung,  subpleural  predominance  of  interlob¬ 
ular  septal  thickening  with  honeycombing  and 
traction  bronchiectasis  (see  Fig.  30.1)  [11].  In 
IPF  patients  without  an  acute  exacerbation, 
ground  glass  infiltrates  should  be  minimal  [11]. 
Clinical  findings  should  include  a  conspicuous 
absence  of  inhalational  exposures  and  rheumato- 
logic  conditions  as  well  as  presence  of  “velcro” 
rales.  If  the  diagnosis  is  in  doubt,  consultation 
with  a  pulmonary  specialist  with  experience  in 
interstitial  lung  disease  is  recommended. 

Exacerbation  During  Surgical 
Procedures 

Often,  patients  with  undergo  a  biopsy  to  establish  a 
diagnosis  of  IPF.  Additionally,  patients  with  IPF  are 
at  higher  risk  of  lung  cancer  which  may  require  sur¬ 
gical  treatment.  Thoracic  surgery  for  lung  cancer 
resection  or  surgical  lung  biopsy  can  precipitate  an 
acute  exacerbation  of  IPF  [15-18].  Interestingly 
the  insult  is  often  radiologically  worse  in  the 
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nonoperative  lung  [17].  This  may  be  due  to  the 
ventilator-associated  lung  injury  from  excessive 
stretch  from  single  lung  ventilation  during  the  oper¬ 
ation  to  de-gas  the  operative  lung.  Some  have  sug¬ 
gested  restrictive  intraoperative  fluid  management 
may  minimize  post-operative  AE-IPF  risk  (see  evi¬ 
dence  contour)  [15].  AE-IPF  after  non-pulmonary 
operation  has  only  been  reported  once  [19]. 


Evidence  Contour 

Noninvasive  Ventilation 

Given  the  poor  prognosis  of  patients  who  require 
mechanical  ventilation,  some  have  suggested  that 
noninvasive  ventilation  would  be  a  good  strategy 
for  patients  with  clinical  deterioration  and  idio¬ 
pathic  pulmonary  fibrosis.  Small,  retrospective 
studies  have  shown  improved  outcomes  in 
patients  supported  with  noninvasive  positive 
pressure  ventilation  (NIPPV)  [20-22],  however  a 
selection  bias  may  account  for  the  better  progno¬ 
sis  as  patients  who  can  be  successfully  supported 
with  NIPPV  are  likely  less  ill.  Of  the  patients  in 
these  studies  who  failed  NIPPV,  mortality  was 
reported  as  85-100%  [20-22]. 

High  Flow  Nasal  Cannula 

High  flow  nasal  cannula  has  been  shown  to  have 
salutatory  affects  in  idiopathic  pulmonary  fibrosis 
patients  without  an  acute  exacerbation,  specifically 
decreased  minute  ventilation,  respiratory  rate,  capil¬ 
lary  carbon  dioxide  were  seen  [23].  Additionally, 
small  increases  in  airway  pressure  were  reported, 
suggesting  a  partial  “PEEP”  affect  [23].  Use  of  high 
flow  nasal  cannula  in  AE-IPF  has  not  been  reported. 
Anecdotally,  we  have  used  high  cannula  with  great 
success  in  patients  with  IPF  and  clinical  worsening. 

Ventilator  Settings 

Higher  levels  of  PEEP  have  been  associated  with 
higher  mortality  in  single  retrospective  analysis 
[24].  A  selection  bias  for  patients  with  worse 


hypoxemia  requiring  higher  levels  of  mean  airway 
pressure  is  one  explanation;  however  multiple 
variables  were  accounted  for  in  the  analysis.  It 
may  be  true  that  patients  with  acute  exacerbation 
of  IPF  have  a  different  physiology  and  those  with 
ARDS  where  higher  levels  of  PEEP  are  felt  to  be 
beneficial.  The  optimal  ventilator  settings  for  acute 
exacerbation  of  IPF  are  not  known,  however  to  the 
extent  possible  we  adhere  to  lung  protective  venti¬ 
lation  similar  to  ARDS  (see  ARDS  Chap.  21). 

Anticoagulation 

A  single,  unblinded  prospective  study  has  shown  a 
benefit  in  patients  admitted  with  clinical  worsen¬ 
ing  of  idiopathic  pulmonary  fibrosis  treated  with 
anticoagulation  [25].  Anticoagulation  was  initiated 
at  the  time  of  clinical  worsening,  which  may  or 
may  not  have  been  an  acute  exacerbation. 
Coumadin  was  used  in  the  outpatient  setting  and 
low  molecular  weight  heparin  was  used  if  the 
patient  was  admitted,  such  as  with  AE-IPF.  All 
patients  were  treated  with  corticosteroid  as  well.  In 
the  subset  of  patients  who  had  AE-IPF,  anticoagu¬ 
lated  patients  had  a  lower  mortality  (1 8  %  vs  7 1  %). 
However,  30  %  of  patients  randomized  to  the  treat¬ 
ment  arm  dropped  out  of  the  study,  in  this  unblinded 
study.  Additionally,  pulmonary  embolism  was  not 
excluded  as  a  cause  of  clinical  worsening,  and  may 
have  played  a  role  in  some  patients  [11]. 

A  large,  double  blind  prospective  trial  of  Cou¬ 
madin  in  the  treatment  of  IPF  was  stopped  early 
due  to  increased  mortality  in  coumadin  arm  [26] . 
No  difference  in  incidence  of  AE-IPF  observed. 

Use  of  anticoagulation  in  IPF  patients  without 
thromboembolic  disease  was  recommended 
against  by  a  panel  of  experts  [1 1].  Anticoagulation 
specifically  used  to  treat  AE-IPF  does  not  have 
sufficient  data  to  support  its  use. 

Cyclophosphamide 

Cyclophosphamide  has  been  used  in  case  series 
for  treatment  of  AE-IPF.  Morawiec  and  colleagues 
described  10  patients  who  were  treated  with 
cyclophosphamide  and  pulse  dose  solu-medrol 
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during  acute  exacerbations  with  100  %  and  72  %  1 
month  and  3  months  survival  rates,  respectively 
[27] .  Patients  were  treated  with  a  methylpredniso- 
lone  pulse  (1,000  mg)  at  days  1-3  and  on  day  4 
placed  on  an  escalating  regimen  of  cyclophospha¬ 
mide  with  an  initial  dose  of  500  mg  intravenously. 
The  dose  of  cyclophosphamide  was  increased  by 
200  mg  every  2  weeks,  provided  the  total  white 
blood  cell  count  remained  at  >3,000  cells -mm-3. 
The  maximum  single  administered  dose  was 
1,500  mg  of  cyclophosphamide.  Lack  of  random¬ 
ization  significantly  limits  the  utility  of  this  study. 
In  patients  who  do  not  respond  to  corticosteroids, 
we  consider  a  trial  of  cyclophosphamide  2  mg/  kg 
IV  daily  on  a  patient  by  patient  basis. 

Cyclosporin  A 

Inase  and  coworkers  retrospectively  analyzed  13 
patients  after  AE-IPF.  All  patients  received  pulse 
solu-medrol  followed  by  oral  prednisone,  and  7 
received  cyclosporine  A  titrated  to  serum  levels  of 
100-150  in  addition  to  steroids  [28].  In  the  patients 
treated  with  cyclosporine  A  none  experienced  a  re¬ 
exacerbation  of  IPF.  All  patients  with  steroids  alone 
died  of  respiratory  failure  within  66  weeks,  whereas 
four  out  of  the  seven  treated  with  cyclosporine  A 
survived  for  over  2  years  after  their  exacerbation. 

Sakamoto  also  evaluated  the  use  of  cyclospo¬ 
rine  A  in  AE-IPF  retrospectively  [29].  Similar  to 
Inase,  all  patients  were  treated  with  pulse  solu- 
medrol  followed  by  prednisone.  Two  out  of  11 
patients  treated  with  cyclosporine  A  died  during 
their  initial  exacerbation,  compared  to  6  out  of  1 1 
patients  who  were  treated  with  steroids  alone. 
Prevention  of  re-exacerbation  was  not  observed 
with  five  patients  experiencing  repeat  exacerba¬ 
tions  while  on  cyclosporine  A. 

Similar  to  cyclophosphamide,  lack  of  random¬ 
ized  prospective  trials  limit  widespread  adoption 
of  cyclosporine  for  treatment  of  AE-IPF 

Restrictive  Operative  Fluid  Balance 

Mizuno  retrospectively  evaluated  52  patients  with 
IPF  after  pulmonary  resection  of  non- small  cell 


lung  cancer  and  found  that  higher  positive  intraop¬ 
erative  fluid  balance  was  associated  with  AE-IPF 
after  multivariate  analysis  [15].  Prospective  use  of 
restrictive  fluid  practices  towards  the  prevention  of 
postoperative  AE-IPF  has  not  been  established. 

Pulmonary  Transplantation 

In  patients  without  other  medical  comorbidities 
or  of  advanced  age,  pulmonary  transplantation 
can  be  performed  in  patients  with  idiopathic  pul¬ 
monary  fibrosis.  In  patients  who  are  already 
listed  for  transplant  and  develop  acute  exacerba¬ 
tion,  extracorporeal  life-support  or  mechanical 
ventilation  are  not  contraindications  to  pulmo¬ 
nary  transplant;  though  vigilance  and  of  main¬ 
taining  a  robust  functional  status  and  avoiding 
critical  care  weakness  are  major  challenges. 

De  Novo  evaluation  of  patients  with  acute 
exacerbation  for  pulmonary  transplantation  is 
difficult  as  the  typical  pre-operative  studies,  such 
as  colonoscopy,  heart  catheterization  etc.  become 
much  more  perilous  in  a  patient  with  severe 
respiratory  failure  or  on  extracorporeal  life- 
support.  However,  this  has  been  reported  suc¬ 
cessfully  [30]. 

Extracorporeal  Life  Support 

To  our  knowledge,  extracorporeal  life-support 
has  not  been  used  to  support  patients  with  acute 
exacerbation  of  idiopathic  pulmonary  fibrosis 
other  than  to  provide  a  bridge  to  transplant.  In 
patients  who  are  not  candidates  for  pulmonary 
transplantation,  we  suggest  against  extracorporeal 
life  support  given  the  overall  poor  prognosis  of 
the  condition.  In  patients  whom  ECFS  is  used  as 
a  bridge  to  transplant  (IPF  and  non-IPF  patients), 
ECFS  longer  than  14  days  has  been  associated 
with  worse  post-transplant  survival  [31]. 

Anti-fibrotic  Medications 

Early  studies  suggested  use  of  pirfenidone  low¬ 
ered  the  rate  of  acute  exacerbation  of  idiopathic 
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pulmonary  fibrosis  [4],  though  this  was  not  seen 
on  subsequent  studies  [32].  Nintedanib  did  not 
reduce  the  incidence  of  AE-IPF  [6].  Both  pir- 
fenidone  and  nintedanib  were  both  recently 
approved  for  treatment  of  IPF.  The  initiation  of 
pirfenidone  or  nintedanib  as  a  treatment  specifi¬ 
cally  for  AE-IPF  has  not  been  an  established  and 
is  not  recommended. 
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Case  Presentation 

A  68  year  old  woman  with  a  history  of  hyperten¬ 
sion,  diabetes,  asthma,  congestive  heart  failure 
(CHF)  and  end  stage  renal  disease  was  intubated 
and  admitted  to  the  ICU  for  respiratory  failure 
and  hypotension  following  a  one  week  history  of 
fever,  dyspnea,  anorexia  and  cough  productive  of 
yellowish-green  sputum.  At  initial  presentation  to 
the  ICU,  she  received  a  bolus  of  intravenous  crys¬ 
talloid,  and  was  commenced  on  vasoactive  sup¬ 
port  with  norepinephrine,  vasopressin  and 
phenylephrine  infusions.  White  blood  cell  count 
was  15K  and  she  was  commenced  on  broad- 
spectrum  IV  antibiotics.  Respiratory  and  blood 
cultures  subsequently  grew  Pseudomonas  aeru¬ 
ginosa  and  antibiotics  were  narrowed  to  IV 
cefepime.  Over  the  next  72  h  she  became  afe¬ 
brile,  her  white  blood  cell  count  dropped  to  8.5 K 
and  her  vasoactive  support  was  weaned  off.  Her 
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most  recent  CXR,  vital  signs  and  mechanical 
ventilator  settings  are  shown  in  Fig.  31.1. 

Question  What  approach  would  best  determine 
her  readiness  for  liberation  from  the  mechanical 
ventilator? 

Answer  Spontaneous  breathing  trial  (SBT) 

All  intubated  patients  should  be  assessed  with 
a  SBT  to  determine  their  readiness  for  liberation 
from  the  mechanical  ventilator  after  the  underly¬ 
ing  cause  for  intubation  has  been  addressed  and 
is  improving.  The  patient  had  been  ventilated  on 
small  tidal  volumes  (6  ml/kg  ideal  body  weight) 
and  her  plateau  airway  pressures  ranged  between 
20  and  24  cmH20.  Her  Pa02/Fi02  ratio  remained 
>200  with  a  PEEP  of  5cmH20  and  Fi02  of  40  %. 
Her  hemodynamic  status  remained  stable  with  no 
requirement  for  vasopressor  support.  She 
received  an  analgesic  infusion  of  fentanyl,  which 
was  interrupted  on  a  daily  basis  to  assess  her 
mental  function.  Physical  and  occupational  ther¬ 
apy  were  commenced  within  24  h  of  her  ICU 
admission  and  she  was  maintained  on  a  daily 
negative  fluid  balance  of  1-2  L  per  day.  Her  most 
recent  arterial  blood  gas  was  7.32/42/75/98  and 
she  had  minimal  airway  secretions.  Continuous 
sedation  was  discontinued  and  while  she  was 
awake,  a  30-min  spontaneous-breathing  trial  was 
performed  with  CPAP  of  5  cm  of  water  and  her 
observed  vital  signs  afterwards  are  depicted  in 
Fig.  31.2. 
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Fig.  31.1  (a)  Chest  x-ray  of  index  patient  on  admission  day  3.  (b)  Telemetry  monitor  showing  the  patient’s  vital  signs 
on  admission  day  3.  (c)  Mechanical  ventilator  parameters  of  the  index  patient  on  admission  day  3 
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ventilation  for  respiratory  support.  In  patients 
with  sepsis,  the  need  for  mechanical  ventilation 
may  be  prevented  by  instituting  early  aggressive 
resuscitative  measures  [1];  however,  this  protocol- 
based  care  may  not  result  in  improved  outcomes 
[2,  3].  Similarly,  instituting  non-invasive  ventila¬ 
tion  in  patients  with  acute  cardiogenic  pulmonary 
edema  or  acute  exacerbation  of  chronic  obstruc¬ 
tive  pulmonary  disease  could  reduce  the  need  for 
intubation  and  mechanical  ventilation  in  these 
patients  [4-7]. 


Fig.  31.2  Telemetry  monitor  showing  the  patient’s  vital 
signs  after  a  30-min  spontaneous  breathing  trial 


Strategies  to  Reduce  the  Duration 
of  Mechanical  Ventilation 


Principles  of  Management 

Strategies  to  Minimize 

the  Requirement  for  Mechanical 

Ventilation 

Various  disease  states  predispose  patients  to  respi¬ 
ratory  failure  ultimately  requiring  mechanical 


Once  a  patient  has  been  intubated,  several  strate¬ 
gies  which  could  speed  up  readiness  for  libera¬ 
tion  from  mechanical  ventilation  include  the  use 
of  lung  protective  ventilation  in  ARDS  [8],  inter¬ 
ruption  of  sedatives  on  a  daily  basis  [9],  imple¬ 
menting  physical  and  occupational  therapy  early 

[10] ,  conservative  fluid  management  in  ARDS 

[11]  and  the  prevention  of  ventilator- associated 
pneumonia  [12]. 
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Evaluation  of  Patient's  Readiness 
for  Spontaneous  Breathing 

Patients  determined  to  be  ready  for  a  trial  of 
spontaneous  breathing  should  exhibit  improve¬ 
ment  in  the  underlying  factors  that  led  to  respira¬ 
tory  failure  and  be  hemodynamically  stable  with 
a  ratio  of  partial  pressure  of  arterial  oxygen  to  the 
fraction  of  inspired  oxygen  (Pa02/Fi02)  that 
exceeds  200  on  a  positive  end-expiratory  pres¬ 
sure  (PEEP)  of  5  cmH20  or  less  [13]. 

Perform  a  Spontaneous  Breathing 
Trial  in  Patients  Deemed  Ready 

An  SBT  is  performed  to  demonstrate  the  patient’s 
ability  to  breathe  on  minimal  or  no  ventilator  sup¬ 
port  for  at  least  30  min.  Usually,  this  is  performed 
on  continuous  positive  airway  pressure,  low-level 
pressure  support  or  utilizing  a  T-piece.  The  occur¬ 
rence  of  oxygen  saturation  <90%,  heart  rate 
>140/min,  respiratory  rate  >35/min  for  more  than 
5  min,  a  sustained  variation  of  20  %  or  more  in  the 
heart  rate,  systolic  blood  pressure  below  90  mmHg 
or  exceeding  180  mmHg,  increase  in  anxiety  or 
diaphoresis  all  portend  failure  [13]. 

Assess  Patient's  Ability  to  Protect 
the  Airway 

A  successful  trial  of  spontaneous  breathing  will 
lead  to  an  evaluation  of  the  patient’s  ability  to 
effect  airway  protection  upon  removal  of  the 
endotracheal  tube.  This  assesses  the  patient’s 
mentation,  strength  of  cough  and  quantity  of  air¬ 
way  secretions.  Demonstration  of  adequate  unas¬ 
sisted  breathing  and  airway  protection  should 
prompt  immediate  removal  of  the  endotracheal 
tube.  Otherwise,  if  SBT  is  unsuccessful,  re¬ 
initiation  of  mechanical  ventilation  at  the  prior 
support  level  should  be  ensured  while  a  careful 
investigation  is  performed  to  determine  and  treat 
the  underlying  reason  for  failure  before  repeating 
an  evaluation  for  a  trial  of  spontaneous  breathing 
again  [13]. 


Evidence  Contour 

Assessing  the  Need  for  an  Artificial 
Airway 

Demonstration  of  some  capability  to  interact 
with  the  health  care  team  is  required  prior  to 
removal  of  the  patient’s  endotracheal  tube. 
However,  the  exact  significance  and  the  degree  to 
which  it  plays  a  role  in  successful  extubation 
remain  controversial  [14].  It  has  been  suggested 
that  in  patients  capable  of  protecting  their  airway, 
a  Glasgow  coma  scale  score  of  >8  predicts  suc¬ 
cessful  extubation  [15].  Prolonged  mechanical 
ventilation,  female  sex  and  traumatic  or  repeated 
intubation  have  all  been  associated  with  post- 
extubation  upper  airway  obstruction  [16]  leading 
to  suggestions  for  the  use  of  the  cuff  leak  test  (air 
leak  detection  during  mechanical  ventilation  with 
a  deflated  endotracheal  tube  balloon)  in  these 
patients  to  assess  the  patency  of  the  upper  airway 
prior  to  extubation  [17].  Patients  at  high  risk  of 
post-extubation  stridor  were  identified  in  a  single 
study  of  intubated  medical  patients  using  a  cuff 
leak  of  <110  ml  within  24  h  of  extubation  [18]. 
Steroids  and/or  epinephrine  may  be  used  during 
this  period  to  reduce  the  risk  or  for  treatment  in 
those  patients  who  develop  stridor  afterwards 
[19].  The  use  of  NIPPV  and/or  heliox  has  also 
been  advocated  [19]. 

Weaning  Protocols 

The  use  of  weaning  protocols  enforces  daily 
evaluation  of  readiness  for  extubation  by  using 
pre- specified  criteria  and  implementing  trial  of 
spontaneous  breathing  in  a  structured  form.  The 
WEAN  study,  a  multicenter,  randomized  con¬ 
trolled  trial  which  compared  automated  wean¬ 
ing  with  the  use  of  a  standardized  protocol 
demonstrated  significantly  faster  liberation 
from  mechanical  ventilation  and  fewer  cases  of 
protracted  ventilation  or  tracheostomies  [20]. 
Similarly,  a  large  Cochrane  meta-analysis  of  ten 
trials  compared  automated  weaning  protocols 
and  non-automated  weaning  strategies  and 
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Fig.  31.3  A  high  resolution  13-6  MHz  ultrasound  linear 
probe  (SonoSite  Edge,  SonoSite,  Inc.,  Washington  USA) 
held  perpendicular  to  the  chest  was  used  to  evaluate  real¬ 
time  movement  of  the  diaphragm  in  the  zone  of  apposi¬ 
tion.  Measurements  obtained  were  recorded  in  B  mode 
(two  dimensional)  ultrasonography  by  placing  the  trans¬ 
ducer  along  the  line  of  an  intercostal  space  between  the 
right  anteroaxillary  and  midaxillary  lines  to  ensure  the 
zone  of  apposition  is  visualized  -0.5-2  cm  below  the  right 
costophrenic  sinus.  Air  in  the  lungs  facilitates  easy 

demonstrated  a  decrease  in  the  duration  of 
mechanical  ventilation,  time  to  successful  extu- 
bation,  ICU  length  of  stay  and  proportion  of 
patients  on  mechanical  ventilation  for  more  than 
7  days  in  patients  on  a  protocolized  weaning 
strategy  [21].  Though  yet  to  be  widely  adopted, 
this  automated  strategy  possibly  ensures  all 
mechanically  ventilated  patients  are  given  a  fair 
chance  to  demonstrate  their  ability  for  sponta¬ 
neous  breathing  at  the  earliest  time  (Figs.  31.3 
and  31.4). 

Sample  Ventilator  Liberation 
Pathway 

Procedure  to  be  implemented  by  physician  or 
appropriately  certified  healthcare  professional 
after  eligibility  has  been  determined  following 
collaborative  daily  assessment  by  nursing  and 


detection  of  the  inferior  border  of  the  sinus  and  the  two 
bright  parallel  lines  of  its  peritoneal  and  pleural  mem¬ 
branes  identify  the  diaphragm  with  an  intervening  muscu¬ 
lar  layer  during  maximal  expiratory  effort  (a)  and  maximal 
inspiratory  effort  (b).  Ultrasonographic  measurements  of 
diaphragmatic  thickening  ( black  crosses )  and  hepatic  dis¬ 
placement  ( white  crosses )  during  spontaneous  breathing 
trials  have  been  demonstrated  to  be  useful  in  predicting 
extubation  outcomes  [22-24] 


respiratory  therapist.  Necessary  equipment  and 
personnel  confirmed  to  be  available  and  respon¬ 
sible  physician  notified. 

1.  Initiate  Fi02  Wean  Protocol: 

•  Monitor  pulse  oximetry  (Sp02)  during 
Fi02  weaning  (once  determined  to  corre¬ 
late  with  arterial  blood  gas) 

•  Post-intubation,  decrease  Fi02  by  10-20% 
every  30  min  till  FiO2<0.5  while 
Sp02>95  %  and/or  Pa02>75  mmHg 

•  At  target  Sp02,  obtain  ABG  to  confirm 
adequate  oxygen  saturation 

•  PEEP  may  be  increased  (after  discussion 
with  the  physician)  to  ensure  Fi02  <  0.7 

2.  Daily  Assessment  for  Eligibility  for 

Liberation: 

•  Respiratory  therapist  screens  all  ventilated 
patients  daily  by  asking  these  questions 
between  5:00-7:00  am.  Assessment  per- 
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Fig.  31 .4  Sample  weaning  protocol.  Readiness  for  spon¬ 
taneous  breathing  evaluated  and  patient  meets  the  follow¬ 
ing  criteria:  (1)  Demonstrates  hemodynamic  stability.  (2) 

formed  on  all  post-operative/post-procedure 
patients  as  needed  upon  awakening  from 
sedation. 

•  Response  must  be  “yes”  for  ‘a  -  c’;  or 
“yes”  for  ‘a  -  d’  in  the  presence  of  neuro¬ 
muscular  disease. 

(a)  PaO2>60  mmHg  on  FIO2<0.5, 
PEEP <7.5,  Sp02>  88  % 

(b)  Hemodynamically  stable,  absence  of 
vasoactive  support  except  for  Dopamine/ 
Dobutamine  <5  mcg/kg/min  or  norepi¬ 
nephrine  <2  mcg/kg/min 

(c)  Patient  triggers  ventilator  spontaneously 

(d)  Vital  capacity  >15  ml/kg;  maximum  expi¬ 
ratory  pressure  >40  &  negative  inspira¬ 
tory  force  >25 


Sedative  infusion  discontinued.  (3)  Tube  feedings  stopped. 
(4)  Pa02/Fi02>200;  PEEP<5cmH20 


3.  Spontaneous  Breathing  Trial  (Fig.  31.4): 

•  Patient  to  be  placed  in  semi-fowlers 
position. 

•  Switch  ventilator  to  spontaneous  mode 
with  pressure  support  of  8-10  or  CPAP  of 

5  for  30  min  on  the  same  Fi02. 

•  If  patient  does  not  tolerate  SBT,  resume 
full  ventilator  support  immediately  and 
reassess  daily  or  every  4  h  for  post-op/post- 
procedure  patients;  if  patient  tolerates  SBT, 
screen  for  extubation  readiness. 

4.  Screen  for  Extubation  Readiness: 

•  Awake  &  responsive  to  verbal  commands? 

•  Can  Patient  protect  his/her  airway?  (Intact 

6  adequate  cough  reflex) 

•  Cough  strength:  (Weak/Satisfactory/Strong) 
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•  No  concerns  about  frequency  of  suctioning 

•  No  concerns  about  upper  airway  patency? 

•  For  patients  with  neuromuscular  disease  - 
can  sustain  head  lift  against  moderate 
resistance? 

(If  patient  passes,  extubation  can  be  per¬ 
formed  and  new  supplemental  oxygen 
modality  instituted;  else  go  to  Step  2.  If 
repeated  failure  and  intubated  for  >10-14 
days  -  consider  tracheostomy). 

5.  Extubation  Procedure: 

•  Request  anesthesiologist  or  senior  critical 
care  physician  for  ‘difficult  to  intubate 
patients’  or  ‘prior  airway  trauma’  prior  to 
extubation 

•  Ensure  gastric  feeds  have  been  held  for 
>2  h 

•  Place  mask  for  non-invasive  ventilation  at 
bedside 

•  Perform  oropharyngeal  and  ETT  suctioning 

•  Encourage  patient  to  breathe  in  maximally 

•  Extubate  to  nasal  cannula  at  4-6  l/min  with 
close  observation  for  at  least  30  min 

•  Ensure  Sp02>92%  by  titrating  FI02 
accordingly 

•  For  impending  respiratory  failure,  expedite 
management  of  stridor  with  racemic 
epinephrine  (0.5  q20  min  up  to  3x  pm); 
humidified  02±dexamethasone.  Consider 
non-invasive  ventilation  prior  to  reintubation 

•  Deep  breathing  and  cough  maneuvers 
every  1-2  h 

•  Maintain  NPO  for  4  h;  evaluate  for  aspira¬ 
tion  risk  -  if  high:  consult  speech  therapy; 
if  minimal:  resume  tube  feeds 

•  Assessment  by  patients  nurse  every  4  h  for 
signs  of  respiratory  distress  during  ICU 
stay 

Diaphragmatic  Ultrasound 
as  an  Index  for  Discontinuation 
of  Mechanical  Ventilation 

Ventilator  induced  diaphragm  atrophy  has  been 
shown  to  occur  even  with  short  periods  of 
mechanical  ventilation  and  may  delay  liberation 
from  the  ventilator.  Diaphragm  dome  motion  as 


visualized  by  ultrasonography  has  limited  utility 
and  success  in  predicting  extubation  outcomes 
[25].  A  recent  prospective  study  of  63  subjects 
demonstrated  that  ultrasonographic  measurement 
of  diaphragm  muscle  thickening  (Atdi%)  >30% 
in  the  zone  of  apposition  using  a  7-10  Mhz  ultra¬ 
sound  transducer  is  an  effective  predictor  of  extu¬ 
bation  success  or  failure  with  a  sensitivity  and 
specificity  of  88  %  and  71  %  respectively;  a  posi¬ 
tive  predictive  value  (PPV)  of  91  %  and  a  nega¬ 
tive  predictive  value  (NPV)  of  63  %  (area  under 
the  receiver  operating  characteristic  curve  for 
Atdi%  was  0.79)  [26].  A  similar  prospective 
study  of  43  subjects  and  Atdi%  >36  %  had  a  PPV 
of  93  %  and  a  NPV  of  88  %  [27].  The  increasing 
use  of  ultrasonography  in  intensive  care  and  the 
non-invasive  approach  with  no  special  effort 
required  of  the  patient  makes  it  appealing  in  the 
evaluation  of  extubation  outcomes. 

Pressure  Support  Versus  T-Tube 
for  Weaning  from  Mechanical 
Ventilation 

Low-level  pressure  support  and  spontaneous 
breathing  through  a  T-Tube  are  optional  modes  of 
ventilator  support  used  in  liberation  from 
mechanical  ventilation.  It  was  recently  shown  in 
a  small  prospective  study  of  28  patients  undergo¬ 
ing  cardiac  surgery  that  either  method  did  not 
confer  a  significant  difference  in  the  lung  func¬ 
tion  or  post-operative  hospital  course  [28]. 
However,  a  large  Cochrane  review  of  >1200 
patients  suggests  that  pressure  support  ventila¬ 
tion  may  be  more  effective  than  a  T-tube  in  facili¬ 
tating  successful  spontaneous  breathing  trial.  The 
evidence  was  insufficient  to  demonstrate  superi¬ 
ority  to  T-tube  in  successful  weaning,  rapid  shal¬ 
low  breathing  index,  reintubation  risk,  ICU 
mortality  and  length  of  stay  [29] . 

Tracheostomy  for  Prolonged 
Transition 

Patients  who  require  prolonged  weaning  are 
increasingly  being  subjected  to  tracheostomy 
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[30].  The  optimal  time  for  performing  tracheos¬ 
tomies  in  these  patients  remains  controversial. 
Multiple  studies  have  reported  conflicting  results 
on  the  effect  of  early  tracheostomy  on  short-term 
mortality,  incidence  of  pneumonia  and  ICU 
length  of  stay  [31-34].  A  meta- analysis  of  the 
available  studies  concluded  that  the  evidence 
remains  insufficient  to  recommend  the  early  per¬ 
formance  of  tracheostomy  in  mechanically  venti¬ 
lated  patients  [35]. 


References 

1.  Rivers  E,  Nguyen  B,  Havstad  S,  Ressler  J,  Muzzin  A, 
Knoblich  B,  Peterson  E,  Tomlanovich  M,  Early  Goal- 
Directed  Therapy  Collaborative  G.  Early  goal- 
directed  therapy  in  the  treatment  of  severe  sepsis  and 
septic  shock.  N  Engl  J  Med.  2001;345:1368-77. 

2.  Pro  Cl,  Yealy  DM,  Kellum  JA,  Huang  DT,  Barnato  AE, 
Weissfeld  LA,  Pike  F,  Terndrup  T,  Wang  HE,  Hou  PC, 
LoVecchio  F,  Filbin  MR,  Shapiro  NI,  Angus  DC.  A 
randomized  trial  of  protocol-based  care  for  early  septic 
shock.  N  Engl  J  Med.  2014;370:1683-93. 

3.  Investigators  A,  Group  ACT,  Peake  SL,  Delaney  A, 
Bailey  M,  Bellomo  R,  Cameron  PA,  Cooper  DJ, 
Higgins  AM,  Holdgate  A,  Howe  BD,  Webb  SA, 
Williams  P.  Goal-directed  resuscitation  for  patients 
with  early  septic  shock.  N  Engl  J  Med.  2014;371: 
1496-506. 

4.  Brochard  L,  Mancebo  J,  Wysocki  M,  Lofaso  F,  Conti 
G,  Rauss  A,  Simonneau  G,  Benito  S,  Gasparetto  A, 
Lemaire  F,  et  al.  Noninvasive  ventilation  for  acute 
exacerbations  of  chronic  obstructive  pulmonary  dis¬ 
ease.  N  Engl  J  Med.  1995;333:817-22. 

5.  Ram  FS,  Picot  J,  Lightowler  J,  Wedzicha  JA.  Non¬ 
invasive  positive  pressure  ventilation  for  treatment  of 
respiratory  failure  due  to  exacerbations  of  chronic 
obstructive  pulmonary  disease.  Cochrane  Database 
Syst  Rev.  2004;(1):CD004104. 

6.  Masip  J,  Roque  M,  Sanchez  B,  Fernandez  R,  Subirana 
M,  Exposito  JA.  Noninvasive  ventilation  in  acute  car¬ 
diogenic  pulmonary  edema:  systematic  review  and 
meta-analysis.  JAMA.  2005;294:3124-30. 

7.  Gray  A,  Goodacre  S,  Newby  DE,  Masson  M,  Sampson 
F,  Nicholl  J,  Trialists  CPO.  Noninvasive  ventilation  in 
acute  cardiogenic  pulmonary  edema.  N  Engl  J  Med. 
2008;359:142-51. 

8.  Ventilation  with  lower  tidal  volumes  as  compared 
with  traditional  tidal  volumes  for  acute  lung  injury 
and  the  acute  respiratory  distress  syndrome.  N  Engl 
J  Med.  2000;342:1301-8. 

9.  Kress  JP,  Pohlman  AS,  O’Connor  MF,  Hall  JB.  Daily 
interruption  of  sedative  infusions  in  critically  ill 
patients  undergoing  mechanical  ventilation.  N  Engl 
J  Med.  2000;342:1471-7. 


10.  Schweickert  WD,  Pohlman  MC,  Pohlman  AS,  Nigos 
C,  Pawlik  AJ,  Esbrook  CL,  Spears  L,  Miller  M, 
Franczyk  M,  Deprizio  D,  Schmidt  GA,  Bowman  A, 
Barr  R,  McCallister  KE,  Hall  JB,  Kress  JP.  Early 
physical  and  occupational  therapy  in  mechanically 
ventilated,  critically  ill  patients:  a  randomised  con¬ 
trolled  trial.  Lancet.  2009;373:1874-82. 

11.  National  Heart  L,  Blood  Institute  Acute  Respiratory 
Distress  Syndrome  Clinical  Trials  N,  Wiedemann  HP, 
Wheeler  AP,  Bernard  GR,  Thompson  BT,  Hayden  D, 
DeBoisblanc  B,  Connors  Jr  AF,  Hite  RD,  Harabin 
AL.  Comparison  of  two  fluid-management  strategies 
in  acute  lung  injury.  N  Engl  J  Med.  2006;354: 
2564-75. 

12.  Dezfulian  C,  Shojania  K,  Collard  HR,  Kim  HM, 
Matthay  MA,  Saint  S.  Subglottic  secretion  drainage 
for  preventing  ventilator- associated  pneumonia:  a 
meta- analysis.  Am  J  Med.  2005;118:11-8. 

13.  McConville  JF,  Kress  JP.  Weaning  patients  from  the 
ventilator.  N  Engl  J  Med.  2012;367:2233-9. 

14.  Coplin  WM,  Pierson  DJ,  Cooley  KD,  Newell  DW, 
Rubenfeld  GD.  Implications  of  extubation  delay  in 
brain-injured  patients  meeting  standard  weaning  cri¬ 
teria.  Am  J  Respir  Crit  Care  Med.  2000;  161: 
1530-6. 

15.  King  CS,  Moores  LK,  Epstein  SK.  Should  patients  be 
able  to  follow  commands  prior  to  extubation?  Respir 
Care.  2010;55:56-65. 

16.  Fagon  JY,  Chastre  J,  Hance  AJ,  Montravers  P,  Novara 
A,  Gibert  C.  Nosocomial  pneumonia  in  ventilated 
patients:  a  cohort  study  evaluating  attributable  mortal¬ 
ity  and  hospital  stay.  Am  J  Med.  1993;94:281-8. 

17.  Fisher  MM,  Raper  RF.  The  ‘cuff-leak’  test  for  extuba¬ 
tion.  Anaesthesia.  1992;47:10-2. 

18.  Miller  RL,  Cole  RP.  Association  between  reduced 
cuff  leak  volume  and  postextubation  stridor.  Chest. 
1996;110:1035-40. 

19.  Macintyre  NR.  Evidence-based  assessments  in  the 
ventilator  discontinuation  process.  Respir  Care.  2012; 
57:1611-8. 

20.  Burns  KE,  Meade  MO,  Lessard  MR,  Hand  L,  Zhou  Q, 
Keenan  SP,  Lellouche  F.  Wean  earlier  and  automati¬ 
cally  with  new  technology  (the  WEAN  study).  A  mul¬ 
ticenter,  pilot  randomized  controlled  trial.  Am 
J  Respir  Crit  Care  Med.  2013;187:1203-11. 

21.  Burns  KE,  Lellouche  F,  Nisenbaum  R,  Lessard  MR, 
Friedrich  JO.  Automated  weaning  and  SBT  systems 
versus  non-automated  weaning  strategies  for  weaning 
time  in  invasively  ventilated  critically  ill  adults. 
Cochrane  Database  Syst  Rev.  2014;(9):CD008638. 

22.  Matamis  D,  Soilemezi  E,  Tsagourias  M,  Akoumianaki  E, 
Dimassi  S,  Boroli  F,  Richard  JC,  Brochard  L.  Sonographic 
evaluation  of  the  diaphragm  in  critically  ill  patients. 
Technique  and  clinical  applications.  Intensive  Care  Med. 
2013;39:801-10. 

23.  Vivier  E,  Mekontso  Dessap  A,  Dimassi  S,  Vargas  F, 
Lyazidi  A,  Thille  AW,  Brochard  L.  Diaphragm  ultra¬ 
sonography  to  estimate  the  work  of  breathing  during 
non-invasive  ventilation.  Intensive  Care  Med.  2012; 
38:796-803. 


280 


A.  Adegunsoye  and  J.P.  Kress 


24.  Ueki  J,  De  Bruin  PF,  Pride  NB.  In  vivo  assessment  of 
diaphragm  contraction  by  ultrasound  in  normal  sub¬ 
jects.  Thorax.  1995;50:1157-61. 

25.  Kim  WY,  Suh  HJ,  Hong  SB,  Koh  Y,  Lim  CM. 
Diaphragm  dysfunction  assessed  by  ultrasonography: 
influence  on  weaning  from  mechanical  ventilation. 
Crit  Care  Med.  2011;39:2627-30. 

26.  DiNino  E,  Gartman  EJ,  Sethi  JM,  McCool  FD.  Diaphragm 
ultrasound  as  a  predictor  of  successful  extubation  from 
mechanical  ventilation.  Thorax.  2014;69:423-7. 

27.  Ferrari  G,  De  Filippi  G,  Elia  F,  Panero  F,  Volpicelli  G, 
Apra  F.  Diaphragm  ultrasound  as  a  new  index  of  dis¬ 
continuation  from  mechanical  ventilation.  Crit 
Ultrasound  J.  2014;6:8. 

28.  Fourenco  IS,  Franco  AM,  Bassetto  S,  Rodrigues  AJ. 
Pressure  support-ventilation  versus  spontaneous 
breathing  with  “T-tube”  for  interrupting  the  ventila¬ 
tion  after  cardiac  operations.  Rev  Bras  Cir  Cardiovasc 
orgao  oficial  da  Sociedade  Brasileira  de  Cirurgia 
Cardiovascular.  2013;28:455-61. 

29.  Fadeira  MT,  Vital  FM,  Andriolo  RB,  Andriolo  BN, 
Atallah  AN,  Peccin  MS.  Pressure  support  versus  T-tube 
for  weaning  from  mechanical  ventilation  in  adults. 
Cochrane  Database  Syst  Rev.  2014;(5):CD006056. 

30.  Cox  CE,  Carson  SS,  Holmes  GM,  Howard  A,  Carey  TS. 
Increase  in  tracheostomy  for  prolonged  mechanical 


ventilation  in  North  Carolina,  1993-2002.  Crit  Care 
Med.  2004;32:2219-26. 

3 1 .  Arabi  Y,  Haddad  S,  Shirawi  N,  A1  Shimemeri  A.  Early 
tracheostomy  in  intensive  care  trauma  patients 
improves  resource  utilization:  a  cohort  study  and  lit¬ 
erature  review.  Crit  Care.  2004;8:R347-52. 

32.  Rumbak  MJ,  Newton  M,  Truncale  T,  Schwartz  SW, 
Adams  JW,  Hazard  PB.  A  prospective,  randomized, 
study  comparing  early  percutaneous  dilational  trache¬ 
otomy  to  prolonged  translaryngeal  intubation  (delayed 
tracheotomy)  in  critically  ill  medical  patients.  Crit 
Care  Med.  2004;32:1689-94. 

33.  Trouillet  JF,  Fuyt  CE,  Guiguet  M,  Ouattara  A, 
Vaissier  E,  Makri  R,  Nieszkowska  A,  Feprince  P, 
Pavie  A,  Chastre  J,  Combes  A.  Early  percutaneous 
tracheotomy  versus  prolonged  intubation  of 
mechanically  ventilated  patients  after  cardiac  sur¬ 
gery:  a  randomized  trial.  Ann  Intern  Med.  2011;  154: 
373-83. 

34.  Patel  SB,  Kress  JP.  Early  tracheotomy  after  cardiac 
surgery:  not  ready  for  prime  time.  Ann  Intern  Med. 
2011;154:434-5. 

35.  Gomes  Silva  BN,  Andriolo  RB,  Saconato  H,  Atallah 
AN,  Valente  O.  Early  versus  late  tracheostomy  for 
critically  ill  patients.  Cochrane  Database  Syst  Rev. 
2012;(3):CD007271. 


The  Post-intensive  Care  Syndrome 


32 


Jason  H.  Maley  and  Mark  E.  Mikkelsen 


Case  Presentation 

A  60  year-old  man  with  a  history  of  tobacco  use 
and  diabetes  mellitus  was  admitted  to  the  hospital 
with  community  acquired  pneumonia.  His  course 
was  complicated  by  hypoxemic  respiratory  fail¬ 
ure  requiring  5  days  of  mechanical  ventilation  in 
the  Intensive  Care  Unit  (ICU).  After  13  days  in 
the  hospital,  including  5  days  of  delirium,  he  was 
discharged  to  an  acute  rehabilitation  facility. 
Upon  returning  home  to  live  with  his  wife,  he 
described  a  frequent  fear  that  his  breathing  will 
worsen  and  that  he  may  have  to  return  to  the  hos¬ 
pital.  He  kept  a  bag  of  his  possessions  ready  for 
an  emergency  return  to  the  hospital.  His  wife 
reported  that  his  thinking  “isn’t  quite  the  same” 
as  prior  to  the  acute  illness.  He  slept  on  the  first 
floor  as  he  had  difficulty  climbing  the  flight  of 
stairs  to  his  bedroom.  He  also  reported  develop¬ 
ing  depression  secondary  to  his  dependence  on 
others’  for  his  activities  of  daily  living  and  his 
inability  to  return  to  work  as  an  accountant. 

Question  Which  features  are  characteristic  of 
the  Post-Intensive  Care  Syndrome? 

Answer  The  Post-Intensive  Care  Syndrome 
(PICS)  describes  a  constellation  of  symptoms, 
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which  includes  impairment  in  neuropsychologi¬ 
cal  and  physical  well-being  that  occurs  following 
an  episode  of  critical  illness  [1,2]. 

This  recently  recognized  entity  lies  at  the  core 
of  critical  care  survivorship.  Patients  who  have 
experienced  shock,  respiratory  failure,  and  pro¬ 
longed  sedation  and  mechanical  ventilation  are 
most  at  risk  for  development  of  PICS .  Furthermore, 
pre-existing  impairment  in  one  or  more  of  these 
domains  may  worsen  after  critical  illness,  a  fact 
that  warrants  obtaining  a  history  that  captures 
physical  function,  mental  health  and  cognitive 
function  pre-illness.  A  longitudinal,  coordinated 
effort  is  required  to  mitigate  the  risk  of  PICS 
development  and  rehabilitate  new  or  more  severe 
impairments  (Table  32.1). 

Principles  of  Management 
Diagnosis 

Survivors  of  critical  illness  are  at  risk  for  PICS 
development,  and  in  particular  those  who  experi¬ 
ence  shock  and  respiratory  failure  requiring 
mechanical  ventilation.  Risk  factors  associated 
with  long-term  physical  and/or  neuropsychologi¬ 
cal  impairment  include  sepsis,  acute  respiratory 
distress  syndrome  (ARDS),  multi-system  organ 
failure,  prolonged  ICU  length  of  stay,  duration  of 
delirium,  glucose  dysregulation,  and  the  use  of 
corticosteroids  [2,  5-9]. 
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Table  32.1  Post-intensive  care  syndrome:  diagnosis,  prevention,  and  rehabilitation  strategies  that  can  be  paired  with 
educational  efforts  to  prepare  out-patient  providers,  survivors,  and  their  caregivers  about  the  potential  long-term  conse¬ 
quences  of  critical  illness 


Domain 

Diagnosis 

Prevention 

Rehabilitation 

Cognition 

Use  a  validated,  screening 
test  at  time  of  discharge  or 
initial  follow-up  (e.g., 
Montreal  Cognitive 
Assessment) 

ABCDEF  bundle  to 
minimize  delirium  and 
preserve  physical  function 

1 .  Compensation  and 
rehabilitation  therapy 
through  consultation  with 
expert  providers 

2.  Cognitive  exercises 

3.  Prioritize  early 
occupational  and  physical 
therapy 

Mental  health 

Use  validated  screening 
tests  to  identify  symptoms 
of  depression,  anxiety 
(Hospital  Anxiety  and 
Depression  Scale),  or 
post-traumatic  stress 
disorder  (PTSS-10)  [3,  4] 

1.  ABCDEF  bundle 

2.  ICU  diary 

3.  Avoid  hypoglycemia  and 
sustained,  severe  hypoxemia 
as  potential  strategies  to 
prevent  long-term 
psychological  distress 

1 .  Consultation  with 
psychologists  and/or 
psychiatrists  based  on 
symptoms 

2.  Consideration  of 
pharmacologic  treatment 

Physical  function 

Physical  examination, 
including  use  of 
standardized  scoring 
systems,  and  ancillary 
testing  if  necessary 

ABCDEF  bundle,  with  a 
focus  on  early  occupational 
and  physical  therapy 

1 .  Continued  occupational 
and  physical  therapy 

Abbreviations:  PTSS-10  post- traumatic  Stress  Syndrome  10-Questions  Inventory 


Physical  and  neuropsychological  impairment 
should  be  screened  for  at  the  time  of  hospital  dis¬ 
charge  to  guide  the  procurement  of  post-acute  care 
services  (Table  32.2).  Physical  impairment  is  com¬ 
mon  following  critical  illness,  can  be  measured 
using  a  standardized  scale,  and  frequently  contrib¬ 
utes  to  the  need  for  skilled  care  or  acute  rehabilita¬ 
tion  facility  placement.  Several  validated  options 
exist  to  examine  functional  status,  and  specific 
areas  of  functional  abilities,  clinically.  Cognitive 
impairment  is  an  under-recognized  consequence 
of  critical  illness.  In  a  prospective  study  of  survi¬ 
vors  of  shock  and  respiratory  failure,  Pandharipande 
et  al.  revealed  that  40  %  of  survivors  performed  at 
a  level  consistent  with  moderate  traumatic  brain 
injury  at  3  months,  26%  performed  at  a  level 
consistent  with  mild  Alzheimer’s  disease,  and 
these  impairments  frequently  persisted  [8].  Given 
its  prevalence,  providers  should  screen  for  cogni¬ 
tive  impairment  in  ICU  survivors  with  suspected 
PICS.  A  number  of  validated  screening  tools 
exist  to  identify  cognitive  impairment,  including 
the  Mini  Mental  Status  Exam,  the  Mini-Cog,  and 
the  Montreal  Cognitive  Assessment  (MoCA).  As 
a  simple,  highly  sensitive,  and  validated  test,  the 


MoCA  is  arguably  the  best  screening  tool  to 
detect  mild  cognitive  impairment  in  ICU  survi¬ 
vors  [10].  Psychiatric  illness  seen  in  PICS  mani¬ 
fests  as  symptoms  of  anxiety,  depression,  or 
post-traumatic  stress  disorder  (PTSD)  [14]. 

Prevention  and  Rehabilitation 

A  growing  body  of  literature  supports  the  use  of 
the  “ABCDEF”  bundle  as  a  potential  means  to 
mitigate  the  risk  of  PICS  [15].  The  components 
of  the  ABCDE  bundle  include  the  coordination 
of  sedation  minimization  and  standardized  venti¬ 
lator  weaning  [16],  delirium  monitoring,  preven¬ 
tion,  and  management,  and  early  occupational 
and  physical  therapy  [17].  When  coupled  with 
family  engagement  and  empowerment,  the  bun¬ 
dle  is  transformed  to  the  ABCDEF  bundle.  The 
benefits  of  an  ABCDE  bundle  include  reduced 
duration  of  delirium,  reduced  incidence  of 
ventilator-associatedevents, increased  ventilator- 
free  days,  and  improved  functional  outcomes  at 
discharge  with  increased  likelihood  of  return  to 
functional  independence  [16-20]. 
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Table  32.2  Clinical  strategies  to  screen  for  neuropsychological  and  physical  impairment  after  critical  illness 


Domain 

Test 

Range 

Score  interpretation 

Cognition 

Montreal  Cognitive 
Assessment  (MoCA)  [10] 

0-30 

Normal  (>25) 

Impairment: 

Mild  (18-25) 

Moderate  (10-17) 

Severe  (<10) 

Depression 

Hospital  Anxiety  and 
Depression  Scale  [3] 

0-21 

Normal  (0-7) 

Abnormal  (>8) 

Anxiety 

Hospital  Anxiety  and 
Depression  Scale  [3] 

0-21 

Normal  (0-7) 

Abnormal  (>8) 

Post-traumatic  stress 
disorder 

Post-Traumatic  Stress 
Syndrome  10-Questions 
Inventory  (PTSS-10)  [4] 

0-70 

Normal  (0-34) 

Impaired  (>35) 

Physical  function 

Activities  of  Daily  Living 
[11] 

0-6 

Independence  for  activities  of 
bathing,  dressing,  toileting, 
transferring,  continence,  and 
feeding  would  sum  to  6 

Physical  function,  strength 

Medical  Research  Council 
examination  [12] 

0-60 

ICU-acquired  paresis  defined 
as  sum  score  less  than  48 

Physical  function 

Timed  Up  and  Go  Test  [13] 

Time  required  to 
stand,  walk  3  m, 
return,  and  sit 

Longer  times  (>14  s) 
associated  with  adverse 
outcomes,  including  falls 

Abbreviations:  PTSS-10  post- traumatic  Stress  Syndrome  10-Questions  Inventory 


Components  of  the  ABCDEF  Bundle 

A  Recommended  Strategy  to  Mitigate  the 

Risk  of  Post-intensive  Care  Syndrome 

Assess,  Prevent,  and  Manage  Pain 

•  Daily  assessment  with  validated  scales, 
such  as  the  behavioral  pain  scale 

•  Prevention  and  management  with  goal- 
directed  treatment  for  pain 

Both  Spontaneous  Awakening  Trials  (SAT)  and 

Spontaneous  Breathing  Trials  (SBT) 

•  Daily  safety  screen 

•  Daily  sedation  interruption  and/or  minimi¬ 
zation  of  sedation  use  to  target 

•  Use  of  sedation  scales  in  goal-directed 
delivery  of  medications 

•  Daily  ventilator  weaning  attempt 

Choice  of  Analgesia  and  Sedation 

•  Choice  of  agent  and  delivery  modality,  con¬ 
tinuous  versus  intermittent 

Delirium:  Assess,  Prevent,  and  Manage 

•  Daily  assessment  in  all  ICU  patients 

•  Avoidance  or  minimization  of  medications 
that  exacerbated  delirium 


•  Active  management  with  non-pharmacologic 
and  appropriate  pharmacologic  treatment 

Early  Mobility  and  Exercise 

•  Daily  exercise  regimens,  including  ambu¬ 
lation  as  tolerated 

Family  Engagement  and  Empowerment 

•  Engage  and  communicate  with  families  on 
rounds  as  active  participants  in  patient  care 

•  Facilitate  family  participation  with  care 
tasks  in  the  ICU  (e.g.  cleaning,  feeding) 

To  complement  the  ABCDEF  bundle,  an  effective 
strategy  to  reduce  psychological  distress  in  survi¬ 
vors  is  the  use  of  the  ICU  diary  [21].  The  ICU 
diary  has  been  shown  to  reduce  post-ICU  PTSD 
symptoms.  Used  widely  throughout  Europe 
(www.icu-diary.org),  yet  with  limited  use  in  the 
United  States  given  traditionally  uncoordinated 
care  between  acute  care  and  post-discharge  care, 
an  ICU  diary  is  a  notebook  within  which  doctors, 
nurses,  family  members,  and  patient  visitors  can 
record,  in  patient-friendly  language,  information 
about  the  patient’s  hospital  course  and  messages 
from  friends  and  family.  The  ICU  diary  may  also 
include  pictures  of  the  patient  during  the  course  of 
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their  illness.  Post-discharge,  patients  review  the 
content  of  the  diary  with  a  health  care  provider  as 
a  strategy  to  fill  gaps  in  their  memory  regarding 
the  hospitalization  and  to  realign  delusional  mem¬ 
ories  with  an  accurate  depiction  of  the  illness  nar¬ 
rative.  Beyond  the  positive  effect  that  the  ICU 
diary  can  have  on  the  patient’s  psychological  con¬ 
dition,  its  use  also  appears  beneficial  to  family 
members.  Because  it  is  increasingly  recognized 
that  family  members  of  survivors  also  experience 
lasting  psychological  effects,  known  as  Post- 
Intensive  Care  Syndrome-  Family  (PICS-F)  [1], 
the  ability  to  mitigate  long-term  psychological 
distress  in  caregivers  is  an  important  one. 

Evidence  Contour 

Effective  strategies  for  use  in  the  ICU  and  post¬ 
discharge  are  urgently  needed  to  reduce  the  bur¬ 
den  of  PICS. 

ICU  Follow  Up  Clinic 

While  conceptually  appealing,  the  benefits  of  an 
ICU  follow-up  clinic  have  yet  to  be  demonstrated 
[22] .  Following  discharge  from  the  ICU,  primary 
care  physicians  were  historically  responsible  for 
all  follow-up  care.  Increasingly,  however,  ICU 
follow-up  clinics  staffed  by  pulmonary  and  criti¬ 
cal  care  specialists  are  being  established  to  screen 
for  and  address  symptoms  related  to  PICS.  These 
specialized  clinics  employ  a  multidisciplinary 
approach  with  extensive  care  coordination 
between  physical  and  occupational  therapists, 
psychologist  and  psychiatrists,  physical  medicine 
and  rehabilitation  physicians,  pulmonary  physi¬ 
cians  and  neurologists.  Given  the  resources 
required  to  staff  such  a  clinic,  systematic  research 
is  required  to  identify  the  optimal  staffing  struc¬ 
ture  and  processes  that  lead  to  better  patient- 
centered  outcomes. 

In  the  absence  of  compelling  data  regarding  the 
optimal  approach  to  longitudinally  follow  survi¬ 
vors  after  critical  illness,  the  following  “best  prac¬ 
tice”  principles  can  be  applied.  First,  to  address  the 


informational  needs  of  survivors  and  their  caregiv¬ 
ers  [23],  it  is  critical  to  increase  awareness  of  PICS 
so  as  to  inform  providers  of  the  anticipated  chal¬ 
lenges  faced  by  many  patients  after  a  critical  ill¬ 
ness.  Second,  this  knowledge  should  facilitate 
discussions  between  health  care  providers  and  the 
patient  and  their  family  regarding  what  they  may 
encounter  following  discharge  from  an  ICU.  The 
patient  described  in  the  above  case  may  have  fol¬ 
lowed  up  in  an  intensive  care  follow-up  clinic  or 
with  his  primary  care  physician.  Regardless,  dur¬ 
ing  clinic  visits,  a  manual  to  guide  and  chart  the 
progress  made  during  recovery  should  be  devel¬ 
oped  and  consultations  placed  with  experts  to 
attend  to  the  symptoms  and  impairments  identified 
(e.g.,  physical  and  occupational  therapy,  psycholo¬ 
gists  and/or  psychiatrists,  etc.)  (Table  32.1). 

Cognitive  Rehabilitation 

The  potential  for  cognitive  rehabilitation  as  a 
means  to  improve  the  lives  of  survivors  of  critical 
illness  exists,  yet  requires  further  study.  In  a 
small  randomized  trial  of  ICU  survivors  with 
cognitive  or  physical  impairment  at  discharge, 
subjects  randomized  to  receive  cognitive  and 
physical  rehabilitation  in  their  homes  experi¬ 
enced  improved  executive  function  at  three 
month  follow-up  compared  to  control  subjects 
[24].  More  proximally,  cognitive  rehabilitation 
initiated  in  the  ICU  appears  to  be  feasible  [25].  In 
addition  to  timely  referral  to  rehabilitation 
experts,  strategies  during  the  ICU  stay  and 
beyond  should  consider  incorporating  cognitive 
exercise,  given  the  potential  for  neural  plasticity, 
and  coping  and  compensation  strategies  (e.g. 
memory  aids)  as  means  to  potentially  prevent  and 
remediate  neuropsychological  impairment.  Last, 
given  the  relationship  between  physical  and  cog¬ 
nitive  function  [26,  27],  physical  therapy  has  the 
potential  to  be  the  most  effective  means  to  pre¬ 
serve  cognitive  function  and/or  rehabilitate  cog¬ 
nitive  impairment. 

Because  long-term  impairment  may  be  chal¬ 
lenging  to  effectively  rehabilitate,  urgent  investi¬ 
gation  is  also  needed  to  understand  how  ICU 
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practice  can  impact  long-term  health.  For  exam¬ 
ple,  traditional  ventilator  strategies  in  ARDS  pro- 
tocolize  oxygenation  targets  far  below  normal 
levels.  Because  hypoxemia  has  been  associated 
with  long-term  cognitive  impairment  [6],  it  is 
plausible  that  targeting  normoxemia  in  ARDS 
could  result  in  improved  long-term  outcomes 
[28].  Through  careful  design  of  future  clinical  tri¬ 
als,  the  opportunity  exists  to  better  understand  the 
long-term  effects  of  critical  care  interventions  so 
as  to  optimize  both  short-  and  long-term  outcomes 
and  reduce  the  burden  of  PICS. 
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Management  of  Decompensated 
Right  Ventricular  Failure 
in  the  Intensive  Care  Unit 


Rana  Lee  Adawi  Awdish  and  Michael  P.  Mendez 


Case  Presentation 

A  64  year  old  woman  with  a  history  of  COPD 
(FEV1  of  1.1  L,  35  %  predicted)  on  supplemental 
oxygen  of  2  L/min  by  nasal  cannula,  obesity 
hypoventilation  syndrome,  and  hypertension,  was 
admitted  with  a  3-day  history  of  worsening  short¬ 
ness  of  breath,  increased  productive  cough,  and 
pleuritic  chest  pain.  On  admission  the  patient  had  an 
increased  white  blood  cell  count  (14.5  K),  increased 
oxygen  requirement  to  6  L/min,  and  evidence  of 
right  lower  lobe  consolidation  on  computed  tomo¬ 
graphic  pulmonary  angiography  (CTPA)  (Fig.  33.1). 
No  evidence  of  pulmonary  embolism  was  seen. 
Twenty-four  hours  after  admission,  the  patient 
developed  increased  work  of  breathing,  worsening 
hypoxemia,  and  bilateral  infiltrates  on  chest  radio¬ 
graph.  She  was  intubated  and  transferred  to  the 
intensive  care  unit  for  mechanical  ventilation  and 
hemodynamic  monitoring. 

In  the  intensive  care  unit,  a  central  venous  cath¬ 
eter  was  placed  which  demonstrated  central  venous 
pressure  (CVP)  of  3  cm  H20  and  a  mixed  venous 
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oxygen  saturation  (Scv02)  of  65  %.  She  was  begun 
on  intermittent  sedation,  and  initial  ventilator  set¬ 
tings  of  Fi02  60%,  tidal  volume  450  cc  (8  cc/kg 
ideal  body  weight),  respiratory  rate  of  16  breaths 
per  minute,  and  PEEP  of  5  mmHg.  At  these  set¬ 
tings,  plateau  pressure  was  24  mmHg  and  there 
was  no  detectable  autopeep.  A  point-of-care  ultra¬ 
sound  performed  by  the  intensivist  demonstrated 
preserved  left  ventricular  systolic  function,  how¬ 
ever  enlarged  right  ventricle  and  septal  flattening 
were  noted  (Video  33.1).  A  plethoric  inferior  vena 
cava  was  noted  to  be  discordant  with  the  low  CVP. 

Question  What  approach  should  guide  this 
patient’s  fluid  management? 

Answer  Proper  fluid  management  is  critical  for 
successful  management  of  RV  failure. 


Fig.  33.1  CT  scan  demonstrating  pneumonia  in  the  left 
lower  lobe  a  Pulmonary  to  Aorta  ratio  greater  than  1 
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In  this  case,  given  the  ongoing  infection, 
vigilance  for  a  decreased  intravascular  volume 
must  be  maintained.  With  the  increased  vascu¬ 
lar  permeability,  decreased  oral  intake  and 
insensible  losses  related  to  fever,  our  patient  is 
at  high  risk  of  hypovolemia  and  ensuing  shock. 
This  is  accentuated  by  use  of  analgesics  and 
sedative  medications  that  are  utilized  for  venti¬ 
lator  synchrony,  which  contribute  to  decreased 
venous  tone  and  reduced  right-sided  preload 
[1].  Adequate  right-sided  filling  pressure  is  a 
prerequisite  for  adequate  cardiac  output  and  in 
this  patient  volume  resuscitation  should  be 
instituted  as  quickly  as  possible,  with  strict 
attention  to  RV  parameters  and  end-organ 
perfusion. 

Review  of  the  patient’s  outpatient  records 
revealed  that  she  had  undergone  a  work-up  for 
pulmonary  hypertension  the  year  prior  to  pre¬ 
sentation,  when  an  echocardiogram  performed 
in  the  evaluation  of  worsening  lower  extremity 
edema  revealed  a  pulmonary  artery  systolic 
pressure  (PASP)  of  55  mmHg  and  dilated  right 
ventricle.  She  subsequently  underwent  a  V/Q 
scan,  which  was  negative  for  chronic  thrombo¬ 
embolic  disease.  Screening  autoimmune  serol¬ 
ogy  was  negative.  Following  diuresis,  a  right 
heart  catheterization  in  euvolemic  state  was 
reported  as:  mean  right  atrial  pressure  (mRAP) 
of  14  mmHg,  pulmonary  artery  pressure  (sys¬ 
tolic/diastolic/mean)  65/22/32  mmHg,  PCWP 
15  mmHg,  cardiac  output/cardiac  index  by  Fick 
of  4.2  Lmin/1.8  L/min/m2.  The  patient’s  pulmo¬ 
nary  hypertension  was  judged  to  be  primarily 
Group  3  in  nature,  related  to  chronic  lung  dis¬ 
ease  and  hypoxemia  and  efforts  focused  on  opti¬ 
mizing  underlying  comorbid  conditions.  Her 
baseline  hemodynamics  were  useful  in  estab¬ 
lishing  her  mRAP  or  right-sided  filling  pres¬ 
sures  as  being  elevated.  This  gave  a  target  for 
resuscitation,  namely  a  CVP>  14  mmHg.  Given 
the  addition  of  positive  pressure  mechanical 
ventilation,  an  increased  right- ventricular  after¬ 
load,  a  target  filling  pressure  of  16-18  mmHg 
would  be  an  appropriate  initial  target,  though 
multiple  endpoints  of  perfusion  should  still  be 
monitored. 


Principles  of  Management 
Diagnosis 

This  patient  is  manifested  clinical  and 
echocardiographic  evidence  of  right  ventricular 
dysfunction,  which  given  the  patient’s  history 
and  negative  CTPA  is  likely  acute  on  chronic. 
Determining  the  causes  of  RV  failure,  specifi¬ 
cally  whether  it  is  the  result  of  established  pul¬ 
monary  vascular  disease  and  secondary  to 
concomitant  disease  states  or  a  result  of  an  acute 
increase  in  RV  afterload  versus  RV  ischemia  is  a 
critical  step  for  patients  presenting  to  the  ICU 
with  evidence  of  RV  dysfunction.  Also  critical, 
though  often  difficult,  is  differentiating  pressure 
overload  from  volume  overload.  If  echocardio¬ 
graphic  and  CT  imaging  indicate  an  acute  pulmo¬ 
nary  embolism  as  a  cause,  relieving  the  increase 
in  pressure/afterload  attributed  by  the  PE  is  the 
first  and  most  critical  treatment.  If  RV  ischemia  is 
identified,  the  treatment  algorithm  similarly 
shifts  to  reperfusion  strategies.  In  situations 
where  RV  failure  is  acute  on  chronic  as  is  the 
case  with  this  patient,  the  conditions  responsible 
for  the  chronic  RV  failure  cannot  be  readily 
reversed  and  management  options  are  limited  to 
optimizing  RV  function. 

In  order  to  optimize  RV  function,  it  is  neces¬ 
sary  to  first  have  accurate  assessment  of  filling 
pressures  and  baseline  hemodynamics.  The  util¬ 
ity  of  invasive  monitoring  for  this  purpose  is  con¬ 
troversial  and  will  be  addressed  below.  In  addition 
to  bedside  echocardiography  performed  by  the 
intensivist  [2],  formal  assessment  with  transtho¬ 
racic  echocardiography  (TTE)  offers  added  util¬ 
ity  [3].  In  addition  to  assessing  filling  pressures, 
TTE  can  contribute  to  the  quantification  of  degree 
of  contribution  of  LV  dysfunction  and  valvular 
heart  disease.  Estimates  of  pulmonary  artery  sys¬ 
tolic  pressure  PASP  on  TTE  are  not  indicative  of 
severity  of  dysfunction  as  PASP  falls  with  fall  in 
cardiac  output  and  attention  is  best  directed  at 
other  surrogates  of  severity.  RV  systolic  function 
can  be  assessed  via  the  tricuspid  annular  plane 
systolic  excursion  (TAPSE)  by  measuring  the 
systolic  displacement  of  the  RV  base  toward  the 
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RV  apex  [4].  This  has  been  shown  to  correlate 
well  with  RV  ejection  fraction,  and  values  below 
1.8  cm  indicate  a  low  RV  stroke  volume  index 
with  high  sensitivity,  though  utility  in  acute  set¬ 
tings  is  not  well  validated  [5].  In  addition  to  low 
TAPSE,  prognostic  indicators  of  poor  prognosis 
in  pulmonary  hypertension  are  right  atrial 
enlargement,  pericardial  effusion  [6],  and  septal 
displacement,  but  this  is  not  well  studied  in  criti¬ 
cally  ill  patients  [7].  Though  TTE  estimates  of 
PASP  generally  correlates  with  invasive  mea¬ 
surements,  the  frequency  of  variance  increases  in 
patients  with  chronic  lung  disease  [8],  and  simi¬ 
larly  positive  pressure  ventilation  can  contribute 
to  inaccurate  assessment  of  pressure. 

CTPA,  though  often  obtained  to  exclude  other 
causes  of  respiratory  failure,  may  suggest  the 
presence  of  right  ventricular  dysfunction.  A  ratio 
of  main  pulmonary  artery  to  aortic  diameter  of 
greater  than  1  correlates  with  elevated  pulmonary 
artery  pressure  generally  (Fig.  33.1)  [9]. 

Alternatively,  a  pulmonary  artery  with  a  diameter 
greater  than  2.9  cm  has  a  high  specificity  for  the 
presence  of  PH  [9].  Other  radiographic  signs 
include  increased  right  ventricular  wall  thickness 
(>4  mm),  right  ventricular  dilation  defined  as 
right  ventricle  ventricle-to-left  ventricle  diame¬ 
ter  ratio  of  more  than  1:1  at  the  midventricular 
level  on  axial  images,  dilatation  of  the  inferior 
vena  cava  and  hepatic  veins;  and  pericardial  effu¬ 
sion  [10,  11]. 

Monitoring  of  End-Organ  Perfusion 

Monitoring  of  endpoints  of  perfusion  in  patients 
with  RV  failure  is  critical,  as  acidemia  that  results 
from  hypoperfusion  and  elevated  lactate  can 
worsen  hypoxemic  vasoconstriction  in  the  pul¬ 
monary  vascular  bed,  thus  increasing  afterload 
[12].  That  said,  monitoring  for  these  patients  can 
be  accomplished  by  modalities  utilized  in  the 
care  of  any  critically  ill  patient.  A  central  venous 
catheter  that  allows  serial  measurement  of  Scv02 
and  CVP  is  a  valuable  tool.  By  accurately  assess¬ 
ing  Scv02  and  monitoring  for  values  lower  than 
70%,  the  Sv02  can  be  both  an  indicator  of 


reduced  cardiac  output  and  provide  a  measure  of 
current  filling  pressure.  Superior  vena  cava  cen¬ 
tral  access  is  favored  for  this,  as  it  is  felt  to  be  a 
more  reliable  surrogate  of  Sv02  if  well-positioned 
[13].  Similarly,  serum  lactate  and  urine  output 
remain  important  indicators  of  tissue  perfusion. 

Serial  point-of-care  ultrasound  may  also  be 
helpful,  both  for  assessing  hypovolemic  states  as 
well  as  identifying  optimal  timing  to  offload  the 
RV  [14].  For  example,  if  TTE  reveals  RV  dilation 
and  impingement  on  LV  filling  this  would  sug¬ 
gest  reduction  in  preload  through  diuresis  may  be 
needed.  However,  with  hypovolemia,  the  inferior 
vena  cava  may  not  collapse,  as  pressure  overload 
can  predominate,  even  in  settings  of  low  intravas¬ 
cular  volume  (Video  33.2). 

Pulse  pressure  variation  (PPV)  and  stroke  vol¬ 
ume  variation  (S VV)  are  well-established  modal¬ 
ities  in  the  ICU,  however  the  utility  in  pulmonary 
hypertension  is  not  well  established  [15].  Small 
studies  have  demonstrated  that  PPV  is  in  fact  not 
predictive  of  increased  stroke  volume  in  patients 
with  pulmonary  hypertension  [16,  17].  This  is 
likely  because  in  pulmonary  hypertension,  PPV 
and  SVV  are  related  to  an  inspiratory  increase  in 
RV  afterload  rather  than  a  decrease  in  RV  pre¬ 
load,  and  thus  do  not  reliably  indicate  fluid 
responsiveness.  Conceptually,  lack  of  response  to 
a  volume  challenge  in  the  setting  of  high  PPV  or 
SVV  may  actually  serve  as  an  indicator  of  RV 
dysfunction. 

Optimization  of  Right-Sided  Filling 
Pressures 

The  CVP  is  a  reliable  surrogate  of  right  atrial 
pressure  [18].  The  CVP  pressure  tracing  consists 
of  three  positive  waves  (a,  c,  and  v)  and  two 
descents  (termed  x  and  y)  (Fig.  33.2).  The  CVP  is 
measured  immediately  prior  to  the  c  wave  when 
there  is  continuity  with  the  right  ventricle  and 
gives  an  accurate  estimate  of  preload.  Optimally, 
the  CVP  is  measured  at  end-expiration,  when 
there  is  a  net  neutral  pleural  pressure  and 
respiratory  effect  on  central  pulmonary  vascula¬ 
ture  is  minimized  [19].  Patients  with  chronic 
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Fig.  33.2  The  CVP  is  measured  directly  before  the 
c  wave  (arrow) 

compensated  RV  dysfunction  generally  have 
higher  CVP  at  baseline  and  tend  to  be  dependent 
on  higher  right- sided  preload.  Though  there  is 
considerable  variation  not  only  between  individ¬ 
ual  patients,  but  also  in  varying  states  of  after¬ 
load,  in  general  preload  goals  should  be  targeted 
to  maintain  a  moderately  elevated  filling  pres¬ 
sure.  Initial  targets  of  8-12  mmHg,  with  adjust¬ 
ment  for  observations  of  surrogates  of  low 
cardiac  output  or  hypoperfusion  are  prudent. 
Should  one  have  access  to  baseline  hemodynam¬ 
ics  for  any  individual  patient,  whether  mRAP 
from  right  heart  catheterization  or  estimate  of 
CVP  from  TTE  in  a  steady-state,  these  values  can 
guide  fluid  management  in  a  far  more  individual¬ 
ized  way,  allowing  of  course  for  variability  and 
progression  over  time. 

Reversal  of  Conditions  that  Heighten 
Pulmonary  Vascular  Tone 

Many  of  the  diseases  that  affect  patients  in  the 
intensive  care  unit  can  worsen  pulmonary  vascu¬ 
lar  resistance  (PVR).  These  conditions  must  be 
aggressively  addressed  in  the  setting  of  acute  on 
chronic  RV  failure  as  they  have  a  deleterious 
effect  on  the  RV  by  increasing  afterload.  Perhaps 
most  commonly  implicated  is  hypoxic  pulmo¬ 
nary  vasoconstriction  that  occurs  as  a  response  to 
decreased  oxygen  saturation.  Though  the  vaso¬ 
constriction  is  most  pronounced  in  the  setting  of 
low  alveolar  oxygen  tension,  it  is  also  affected  by 
hypoxemia  in  the  pulmonary  and  bronchial  artery 


beds.  Standard  intensive  care  monitoring  ade¬ 
quately  assesses  systemic  oxygenation,  but  pul¬ 
monary  arterial  oxygenation  is  less  easy  to  assess 
without  invasive  monitoring  device.  Measuring 
Scv02  can  be  a  useful  surrogate.  Situations  that 
worsen  the  vasoconstrictive  response  and  PVR 
include  hypercapnea  and  acidemia,  and  efforts  to 
avoid  each  must  be  made  [20,  21].  This  is  diffi¬ 
cult  when  patients  progress  to  ARDS  and  stan¬ 
dard  of  care  would  mandate  low-tidal  volume 
ventilation  and  permissive  hypercapnea.  This 
unique  situation  will  be  elaborated  upon  below. 

Ventilation  Strategy 

In  general,  when  faced  with  RV  dysfunction, 
attention  to  avoiding  exposure  to  hypoxemia  pri¬ 
marily  and  secondarily  to  hypercapnea  and  ensu¬ 
ing  acidosis  is  prioritized  [22].  As  high  lung 
volumes  and  associated  distending  pressures  can 
worsen  RV  afterload,  ventilating  near  functional 
residual  capacity  is  favored  [23,  24].  Though 
respiratory  therapist  driven  ventilator  liberation 
protocol  is  still  relevant  in  this  group,  the  pres¬ 
ence  of  higher  degrees  of  hypoxemia  may  be  tol¬ 
erated  as  many  will  have  right  to  left  shunting 
through  patent  foramen  ovale  (PFO).  Should 
worsening  hypoxemia  be  noted  with  increasing 
levels  of  PEEP,  a  dedicated  bubble  study  for 
identification  of  occult  PFO  should  be  obtained 
for  confirmation.  Generally,  high  levels  of  PEEP 
should  be  avoided  as  autopsy  studies  suggest 
greater  than  30  %  of  the  population  has  PFO  [25] 
and  in  the  setting  of  right  ventricular  dysfunction 
and  increased  afterload  there  may  be  increased 
right  to  left  shunting.  APRV  is  discussed  below. 

Supportive  Care 

Early,  broad- spectrum  antibiotics,  adherence  to 
proven  ventilator  bundle  strategies  to  minimize 
risk  of  ventilator  associated  events  and  complica¬ 
tions  are  of  equal  importance  in  patients  with  RV 
dysfunction.  Additionally,  compliance  with 
ABCDE  protocol  to  ensure  timely  liberation  of 
patients  from  mechanical  ventilator  support  is 
essential  [26]. 
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Evidence  Contour 

Several  aspects  of  management  in  the  patient 
with  acute  decompensated  RV  failure  remain 
without  consensus  in  the  face  of  available  clinical 
trials.  There  are  theoretical  benefits  to  certain 
therapeutic  options,  and  animal  models  support 
pathophysiologic  rationale  behind  these  choices. 

Pulmonary  Artery  Catheter  Use 
in  Decompensated  RV  Failure 

When  reliable  measurement  of  pulmonary  hemo¬ 
dynamics  is  needed,  pulmonary  artery  catheter¬ 
ization  (PAC)  provides  valuable  information  on 
cardiac  output,  pulmonary  artery  pressure  and 
filling  pressures.  Although  the  routine  use  of  a 
PAC  has  not  been  well  studied  in  the  manage¬ 
ment  of  RV  failure  in  the  intensive  care  unit, 
serial  measurement  of  hemodynamics  can  add 
value  particularly  in  complex  cases  [24].  For 
example,  in  situations  in  which  RV  function  is 
highly  variable  and  dependent  on  small  changes 
in  volume  or  preload,  then  having  serial  measure¬ 
ments  of  cardiac  output  as  fluid  resuscitation  is 
effected  can  be  critical.  Should  the  patient  prog¬ 
ress  to  require  inotropic  support,  a  PAC  may  be 
of  value  in  titration  of  effect.  Because  of  the  com¬ 
plexity  and  small  but  real  risk  of  complications 
such  as  pulmonary  artery  rupture,  the  benefit  of 
PAC  placement  should  be  felt  to  outweigh  the 
risks  when  used  [27]. 

Choice  of  Vasopressor 

Patients  with  chronic  RV  dysfunction  often  toler¬ 
ate  infection  poorly,  as  systemic  vasodilation  and 
decreased  preload  impair  already  compromised 
RV  function  [28].  As  such,  even  with  appropriate 
fluid  management  and  optimization  of  filling  pres¬ 
sures,  they  may  progress  to  shock  and  require 
vasopressor  support.  There  is  no  ideal  vasopressor, 
as  none  increases  systemic  pressure  and  RV  con¬ 
tractility  without  increasing  PVR  [18].  However, 
norepinephrine  is  favored  for  patients  with  RV 
dysfunction  who  require  pressor  support  [29]. 
Norepinephrine  has  predominantly  al  effects, 


with  limited  pi  receptor  stimulation.  In  a  small 
study  of  patients  with  sepsis  with  right  heart  fail¬ 
ure,  norepinephrine  use  was  associated  with 
improved  RV  myocardial  oxygen  delivery. 
Phenylephrine  is  not  favored  as  it  can  cause  reflex 
bradycardia,  which  is  especially  troubling  for 
patients  in  whom  tachycardia  may  be  their  sole 
means  of  increasing  cardiac  output,  when  stroke 
volume  is  relatively  fixed  [30].  Epinephrine  is  a 
mixed  a/p  receptor  agonist  that  can  induce  vaso¬ 
constriction  and  increase  inotropy  [31]. 
Vasopressin  at  high  doses  causes  pulmonary  and 
coronary  artery  vasoconstriction  [32].  Taken  in 
aggregate,  norepinephrine  is  a  reasonable  choice 
in  these  difficult  clinical  scenarios. 

Selective  Use  of  Inotropic  Agents 

Inotropic  agents  should  be  considered  only  when 
there  is  clear  evidence  of  inadequate  tissue  perfu¬ 
sion  despite  optimization  of  volume  status,  pre¬ 
load  and  afterload.  The  risk  of  all  inotropes  is  the 
incidence  of  tachyarrhythmias.  Low-dose  dopa¬ 
mine  is  a  reasonable  option  to  improve  cardiac 
output  without  increasing  PVR  in  patients  with 
RV  failure  [33].  Dobutamine  acts  via  pi  receptor, 
but  can  cause  vasodilatation  due  to  p2  effects  and 
as  such,  higher  doses  should  be  avoided  [34]. 
Milrinone  is  often  the  agent  of  choice,  as  it  is  the 
only  non-adrenergic  inotrope,  and  can  improve 
inotropy  while  promoting  pulmonary  arterial 
vasodilatation  [35]. 

Use  of  Selective  Pulmonary 
Vasodilators 

There  are  situations  in  which  a  patient  has  met 
endpoints  in  terms  of  preload,  volume  status,  and 
oxygenation  but  there  is  not  an  appreciable 
improvement  in  RV  function.  Though  vasodilat¬ 
ing  agents  are  an  appealing  choice,  it  is  important 
to  remember  that  no  pulmonary  vasodilator  has 
been  approved  for  the  treatment  of  RV  failure  in 
critically  ill  patients  [18].  In  the  setting  of  associ¬ 
ated  lung  disease,  administration  can  worsen  gas 
exchange  by  blunting  hypoxic  pulmonary  vaso¬ 
constriction  and  impairing  V/Q  matching.  In  the 
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setting  of  left  heart  disease,  the  influx  of  volume 
accomplished  through  pulmonary  vasodilation 
may  be  poorly  tolerated  by  the  LV  and  result  in 
worsening  of  hypoxemic  respiratory  failure  [36]. 

Despite  the  inherent  risks,  there  are  times 
when  attempting  to  offload  the  RV  is  the  last  best 
option.  There  is  variability  in  the  risks  of  each 
vasodilating  agent.  Inhaled  nitric  oxide  (iNO)  is  a 
potent  pulmonary  vasodilator  with  an  extremely 
short  half-life,  making  it  an  appealing  option. 
Importantly,  because  it  preferentially  affects  the 
areas  of  the  lung  that  are  well  ventilated,  it  can 
improve  oxygenation  by  decreasing  shunt  frac¬ 
tion.  There  is  evidence  that  iNO  improves  RV 
function  and  mixed  venous  oxygen  saturation  in 
patients  with  acute  RV  failure,  though  again  it  is 
difficult  to  extrapolate  to  acute  on  chronic  RV 
failure  [37].  Similarly,  there  are  prostacyclin 
derivatives  available  by  inhalation,  but  little  is 
known  about  their  use  in  critical  illness. 

Phosphodiesterase  5  (PDE5)  inhibitors  reduce 
PVR  and  may  improve  RV  contractility,  but  little 
is  known  about  their  use  in  critical  illness.  These 
agents  increase  pulmonary  vasodilation  via  the 
nitric  oxide  pathway.  There  is  evidence  in  animal 
models  that  these  agents  may  improve  RV  func¬ 
tion  in  patients  with  chronic  pulmonary  hyper¬ 
tension  who  develop  acute  RV  failure  [38].  In 
contrast  to  the  inhaled  agents,  PDE5  inhibitors 
can  cause  systemic  hypotension  and  must  be  used 
cautiously  in  patients  who  are  hemodynamically 
unstable  [39].  This  combined  with  their  longer 
half-life  makes  their  use  particularly  best  suited 
for  a  pulmonary  hypertension  specialist.  And  this 
is  true  of  the  remainder  of  the  available  agents 
including  intravenous  prostacyclin  analogues. 

Ventilatory  Considerations 
in  the  Face  of  ARDS 

Principles  surrounding  the  ventilator  manage¬ 
ment  of  these  patients  are  confounded  in  the  face 
of  ARDS.  Acute  hypoxia  as  a  cause  of  pulmo¬ 
nary  vasoconstriction  is  well  described  and  is 
worsened  by  many  factors,  including  acidosis 
and  hypercapnia  [40].  The  evidence  for  benefit 
for  a  low  tidal  volume  strategy  is  sound,  and 


should  be  undertaken  in  a  manner  so  as  to  avoid 
permissive  hypercapnia,  which  will  worsen  pul¬ 
monary  vasoconstriction.  More  straightforward 
perhaps  is  the  recommendation  that  in  refractory 
hypoxemia,  a  high  PEEP  strategy  should  be 
avoided.  First,  high  PEEP  leads  to  RV  dilatation 
and  reduced  cardiac  output  in  severe 
ARDS.  Second,  as  many  patients  have  occult 
PFO,  which  in  the  setting  of  chronic  RV  dys¬ 
function  manifest  right  to  left  shunting,  increas¬ 
ing  levels  of  PEEP  can  worsen  shunting.  Both 
atelectasis  and  ventilation  at  high  lung  volumes 
should  therefore  be  avoided  in  patients  with  RV 
dysfunction  as  both  worsen  RV  afterload.  Prone 
ventilation  may  also  reduce  plateau  pressures 
and  pC02  sufficiently  to  improve  acute  RV  fail¬ 
ure,  but  evidence  is  limited  [41,  42]. 

Airway  pressure  release  ventilation  (APRV)  is 
sometimes  employed  for  refractory  hypoxemic 
respiratory  failure  [43].  As  such,  the  setting 
required  to  successfully  oxygenate  a  patient  who 
has  been  refractory  to  conventional  mechanical 
ventilation  involve  relatively  high  pressure  set¬ 
tings.  In  patients  with  PH,  APRV  can  increase 
PVR  by  prolonging  the  time  exposed  to  high  dis¬ 
tending  pressures.  This  increases  afterload 
through  compression  of  the  alveolar  vessels  and 
likely  outweighs  the  benefits  conferred  by  revers¬ 
ing  hypoxemia. 

Extra  Corporeal  Membrane 
Oxygenation  (ECMO) 

Patients  with  refractory  RV  failure  may  benefit 
from  support  with  ECMO  as  a  bridge  to  trans¬ 
plantation.  At  centers  with  the  expertise  in  this 
modality  of  support,  the  decision  to  proceed 
hinges  upon  whether  the  patient  has  been  opti¬ 
mized  with  medical  therapy  and  whether  the 
patient  is  a  reasonable  candidate  for  lung  or 
heart-lung  transplantation.  In  order  to  provide 
hemodynamic  and  ventilatory  support  veno¬ 
arterial  ECMO  is  preferred  [44].  Use  of  this 
modality  is  contingent  upon  the  patient’s  ability 
to  tolerate  intense  anticoagulation  and  the 
possibility  to  achieve  transplant  within  a  reason¬ 
able  amount  of  time. 
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Case  Presentation 

A  43-year-old  Hispanic  male  originally  from 
Honduras  presented  to  the  Emergency  room  with 
cough  producing  yellow  sputum  for  1  month, 
with  recent  change  to  blood  tinged  over  the  previ¬ 
ous  days.  His  past  medical  history  was  pertinent 
for  hypertension  and  end  stage  renal  disease 
requiring  thrice  weekly  hemodialysis.  He  had 
missed  dialysis  for  the  previous  week  prior  to 
presentation  due  to  bad  weather.  He  also  reported 
fever,  chills,  and  sore  throat  with  the  onset  of 
hemoptysis.  Of  note,  the  patient  had  presented  to 
another  local  hospital  2  months  prior  with  similar 
symptoms  of  hemoptysis.  He  was  evaluated  by 
gastroenterology  and  otolaryngology  and  an 
endoscopy  and  laryngoscopy  were  performed. 
There  were  no  obvious  signs  of  bleeding  but 
endoscopy  did  note  blood  emanating  from  the 
larynx.  At  presentation,  his  physical  exam  was 
notable  for  bilateral  inspiratory  rales  with  normal 
vital  signs  including  oxygen  saturation  of  98% 
on  room  air. 
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He  was  initially  diagnosed  with  end-stage 
renal  failure  18  months  prior  following  a  motor 
vehicle  accident.  The  patient  was  uninjured  but 
was  noted  to  have  a  serum  creatinine  of  21  mg/dl. 
A  renal  ultrasound  showed  moderate  to  marked 
cortical  hyperechoic  texture  suggesting  renal 
parenchymal  disease  attributed  to  long-standing 
hypertension.  He  was  started  on  hemodialysis 
and  remained  compliant  despite  some  logistical 
challenges  regarding  his  immigrant  status.  The 
patient  had  lived  in  the  United  States  for  the  pre¬ 
vious  10  years  with  no  recent  travel  or  sick  con¬ 
tacts.  He  denied  any  use  of  tobacco,  alcohol,  or 
illicit  drug  use.  He  previously  worked  as  a  roofer, 
but  was  currently  unemployed  due  to  his  dialysis 
dependence. 

At  the  time  of  presentation,  his  laboratory 
data  was  notable  for  anemia  with  hemoglobin 
of  5.9  g/dl,  Potassium  6.6  mmol/L,  BNP 
2092  pg/ml  and  serum  creatinine  23  mg/dl.  A 
chest  x-ray  showed  multifocal  bilateral  alveolar 
opacities  (Figs.  34.1  and  34.2).  The  patient  was 
initially  treated  with  hemodialysis,  broad  spec¬ 
trum  antibiotics,  and  placed  in  respiratory  iso¬ 
lation  for  evaluation  of  tuberculosis.  The 
patient  reported  that  his  hemoptysis  improved 
significantly  following  serial  sessions  of  dialy¬ 
sis,  yet  chest  imaging  remained  unchanged. 
Sputum  culture,  respiratory  viral  antigen  panel, 
and  AFB  smears  were  negative.  A  bronchos¬ 
copy  was  performed  4  days  after  admission  and 
revealed  a  progressively  bloody  bronchoalveo- 
lar  lavage  (Fig.  34.3)  consistent  with  a  diagno- 
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sis  of  diffuse  alveolar  hemorrhage.  Serologic 
analysis  confirmed  the  diagnosis. 

Question  What  is  the  diagnosis? 

Answer  Capillaritis  with  diffuse  alveolar 
hemorrhage 

This  patient  presented  with  hemoptysis  con¬ 
firmed  to  be  diffuse  alveolar  hemorrhage  and 
chronic  renal  failure.  The  initial  suspected  etiol¬ 
ogy  was  volume  overload  due  to  missed  dialysis 


Fig.  34.1  Chest  X-ray  at  initial  presentation  showing 
multifocal  bilateral  alveolar  opacities 


sessions  due  to  the  elevated  BNP  level.  The 
patient  was  treated  conservatively  with  dialysis 
and  while  his  reported  hemoptysis  improved,  his 
chest  x-ray  showed  persistent  alveolar  infil¬ 
trates.  The  serologic  analysis  that  confirmed  the 
diagnosis  included  Antinuclear  Antibody  of 
1:360,  P-ANCA  positivity,  and  antibody  to 
Myeloperoxidase  of  greater  than  8.0  units.  The 
constellation  of  diffuse  alveolar  hemorrhage, 
renal  involvement,  and  p-ANCA/MPO  positiv¬ 
ity  confirmed  a  diagnosis  of  Microscopic  Poly¬ 
angiitis.  Imaging  of  the  sinuses  showed  no  signs 
of  inflammation  of  the  upper  respiratory  tract. 
The  patient  was  treated  with  prednisone  and 
cyclophosphamide  pulse  dosing  for  six  doses.  He 
had  one  subsequent  episode  of  hemoptysis 
requiring  hospitalization  1  month  after  initial 
presentation.  In  general,  he  responded  well  to 
treatment  and  was  weaned  from  corticosteroids 
over  the  next  3  months  after  completion  of  cyclo¬ 
phosphamide  with  improvement  on  chest  imag¬ 
ing  (Fig.  34.4). 

Principles  of  Management 

Differential  Diagnosis 

The  differential  diagnosis  for  diffuse  alveolar 
hemorrhage  can  be  quite  extensive  ranging  from 
autoimmune  to  coagulopathy  to  medications.  Three 


Fig.  34.2  (a,  b)  Chest  CT  images  performed  after  hemodialysis  showing  diffuse  bilateral  alveolar  opacities 
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Fig.  34.3  Sequential  bronchoalveolar  lavages  starting  left  to  right  showing  progressively  bloody  return 


Fig.  34.4  (a,  b)  Chest  CT  images  performed  after  1  year  of  immunosuppressive  treatment  showing  resolution  of 
alveolar  opacities 


characteristic  patterns  have  been  identified: 
Capillaritis,  ‘Bland’  pulmonary  hemorrhage,  and 
alveolar  bleeding  due  to  another  process  [1,  2\. 
Capillaritis  is  the  most  common  cause  of  DAH 


and  is  typically  a  result  of  antibody-mediated 
cell  damage.  Autoimmune  conditions  associ¬ 
ated  with  DAH  include  antineutrophil  cytoplas¬ 
mic  antibody  (ANCA)  associated  vasculitides, 
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Goodpasture  Syndrome,  Systemic  Lupus 
Erythematosus  (Table  34.1).  Initial  evaluation  of  a 
patient  with  hemoptysis  and  suspected  diffuse 
alveolar  hemorrhage  typically  includes  fiberoptic 
bronchoscopy  to  identify  a  source  of  bleeding, 
identification  of  potential  infectious  etiologies,  and 
serologic  workup  for  autoimmune  conditions. 

Classification 

Microscopic  Polyangiitis  (MPA)  is  a  member  of 
the  group  of  ANCA-associated  vasculitides.  This 
group  also  includes  granulomatosis  with  polyangi¬ 
itis  (GPA)  and  eosinophilic  granulomatosis  with 
poly  angiitis  (EGPA  or  Churg-Strauss  Syndrome). 
These  diseases  are  characterized  by  pauci-immune 
necrotizing  inflammation  of  small  vessels  [3]. 
MPA  has  previously  been  described  as  a  subgroup 
of  Polyarteritis  Nodosa  (small  vessel  form)  and  is 
distinguished  from  GPA  by  the  absence  of  granu¬ 
loma  formation.  MPA  is  most  commonly  associ¬ 
ated  with  rapidly  progressive  glomerulonephritis, 
although  alveolar  hemorrhage  has  been  reported  in 
up  to  12-29%  of  cases  [4]. 

Diagnosis 

The  diagnosis  of  ANCA-associated  vasculitides 
is  usually  based  upon  findings  of  pulmonary  and / 
or  renal  abnormalities  with  small- vessel  necrotiz¬ 
ing  inflammation  with  the  presence  of  auto¬ 
antibodies  directed  against  neutrophilic  antigens. 
Previously,  ANCA  directed  antibodies  were  clas¬ 
sified  as  cytoplasmic-pattern  and  perinuclear- 
patter,  c-ANCA  and  p-ANCA,  respectively.  The 
two  ANCA  antigens  commonly  identified  are 
proteinase  3  (PR3)  and  myeloperoxidase  (MPO). 
MPO  is  more  commonly  associated  with 
microscopic  polyangiitis  with  a  sensitivity  of 
50-70%,  although  PR3  has  been  identified  in 
cases  of  MPA  with  a  sensitivity  of  26%  [5-7]. 
Specificity  of  the  combination  of  P-ANCA  and 
MPO  for  ANCA-associated  vasculitides  is  sig¬ 
nificantly  greater  at  99.8%  [8].  In  a  review  of 
patients  with  MPA  and  alveolar  hemorrhage,  14 


Table  34.1  Causes  of  diffuse  alveolar  hemorrhage 
Capillaritis 

Granulomatosis  with  polyangiitis  (GPA) 
Churg-Strauss  syndrome 
Microscopic  polyangiitis  (MPA) 

Isolated  pauci-immune  pulmonary  capillaritis 
Idiopathic  pauci-immune  glomerulonephritis 
Primary  immune  complex-mediated  vasculitis 
Goodpasture’s  syndrome 
Henoch-Schonlein  purpura 
Systemic  lupus  erythematosus 
Rheumatoid  arthritis 
Antiphospholipid  antibody  syndrome 
Mixed  connective  tissue  disease 
Polymyositis/dermatomyositis 
Essential  cryoglobulinemia 
Behcet’s  disease 

Acute  lung  transplantation  rejection 

Autologous  bone  marrow  transplantation 

Bland  Pulmonary  Hemorrhage 

Idiopathic  pulmonary  hemosiderosis 

Coagulopathy:  anticoagulants,  anti-platelet, 
thrombolytics,  DIC 

Mitral  stenosis,  pulmonary  veno-occlusive  disease 

Infection:  human  immunodeficiency  virus  infection, 
infective  endocarditis 

Toxin  or  inhalation  injury:  isocyanates,  crack  cocaine, 
retinoic  acid 

Drug-associated  disease:  propylthiouracil, 
diphenylhydantoin,  amiodarone,  mitomycin, 

D-penicillamine,  sirolimus,  methotrexate,  haloperidol, 
nitrofurantoin,  gold, 

all-trans-retinoic  acid  (ATRA),  bleomycin, 
montelukast,  zafirlukast,  infliximab 

Alveolar  bleeding  due  to  another  condition 

Diffuse  alveolar  damage 
Pulmonary  embolism 
Sarcoidosis 

High-altitude  pulmonary  edema,  barotrauma 

Infection:  invasive  aspergillosis,  cytomegalovirus 
infection,  legionellosis,  herpes  simplex  virus 
infection, 

mycoplasma,  hantavirus  infection,  leptospirosis,  other 
bacterial  pneumoniae 

Malignant  conditions 

Lymphangioleiomyomatosis 

Tuberous  sclerosis 

Pulmonary  capillary  hemangiomatosis 
Lymphangiography 
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out  of  27  patients  revealed  p-ANCA  positivity 
while  11  out  of  27  patients  were  c-ANCA  posi¬ 
tive  [4].  Among  those  with  p-ANCA  antibodies, 
12  out  of  12  patients  were  positive  for  MPO  spe¬ 
cific  antibodies.  The  requirement  of  biopsy  for 
the  diagnosis  of  ANCA  associated  vasculitides 
remains  controversial.  In  the  correct  clinical  set¬ 
ting  with  rapidly  progressive  glomerulonephritis, 
radiographic  abnormalities,  and  serologic  confir¬ 
mation  of  antibody,  the  diagnosis  of  ANCA- 
associated  vasculitis  can  be  determined.  Given 
the  relapsing  nature  of  disease  and  requirements 
for  prolonged  immunosuppression,  it  is  sug¬ 
gested  that  confirmation  of  diagnosis  by  histopa- 
thology  be  determined  whenever  possible. 

Treatment 

Historically,  initial  management  of  ANCA- 
associated  vasculitides  has  centered  on  immuno¬ 
suppression  with  corticosteroids  and 
cyclophosphamide.  The  goal  of  treatment  is 
induction  of  remission  and  maintenance  of  dis¬ 
ease  suppression.  Therapy  is  typically  tailored  to 
severity  of  disease,  notably  mild  vs.  moderate  to 
severe.  These  determinations  are  based  upon 
organ-threatening  or  life-threatening  manifesta¬ 
tions.  Pulmonary  involvement,  and  specifically 
alveolar  hemorrhage,  is  considered  moderate  to 
severe  disease.  Plasmapheresis  has  been  shown 
to  be  beneficial  in  patients  with  diffuse  alveolar 
hemorrhage  and  ANCA-associated  vasculitis  [9]. 

Evidence  Contour 
Rituximab 

Recently,  there  have  been  alternative  treatment 
options  identified  in  the  treatment  of  ANCA- 
associated  vasculitides.  Cyclophosphamide  car¬ 
ries  several  adverse  reactions  including 
cytopenias,  infertility,  bladder  injury,  and  risk  of 
malignancy.  It  has  been  identified  that  B  lympho¬ 
cytes  play  an  integral  in  role  in  the  pathogenicity 
of  auto-immunity  [10].  Rituximab,  an  anti-CD20 


monoclonal  antibody,  has  been  successfully 
used  to  reduce  B -lymphocyte  populations.  Since 
2010,  there  has  been  growing  evidence  that 
Rituximab  can  be  used  as  an  alternative  to  cyclo¬ 
phosphamide  in  the  treatment  of  ANCA- 
associated  vasculitides.  When  compared  with 
cyclophosphamide,  Rituximab  was  found  to  be 
non-inferior  at  induction  of  remission  and  main¬ 
tenance  of  remission  [11,  12].  In  fact,  Rituximab 
was  found  to  be  more  effective  for  inducing 
remission  of  relapsing  disease  (67  %  vs.  42)  [11]. 
Rituximab  has  been  found  to  be  superior  to  aza- 
thioprine  in  disease  remission  over  2  years  [13]. 
Thus,  rituximab  has  been  shown  to  be  a  viable 
option  for  treatment  of  ANCA-associated  vascu¬ 
litides.  While  the  patient  in  the  case  report  was 
treated  with  cyclophosphamide,  the  use  of  ritux¬ 
imab  could  have  been  entertained. 

Recombinant  Factor  VII 

Refractory  diffuse  alveolar  hemorrhage  can  pres¬ 
ent  a  therapeutic  dilemma.  Systemic  recombinant 
Factor  VII  has  been  successfully  used  in  a  case  of 
massive  hemoptysis  due  to  community  acquired 
pneumonia  [14].  Case  reports  and  observational 
studies  have  shown  a  beneficial  effect  of  intrapul- 
monary  administration  of  activated  recombinant 
factor  VII  in  cases  of  refractory  diffuse  alveolar 
hemorrhage  [15,  16].  Primarily,  this  practice  has 
been  shown  to  be  beneficial  in  cases  of  DAH  in 
allogeneic  hematopoetic  stem  cell  transplant 
recipients.  Limited  case  reports,  however,  have 
reported  successful  cessation  of  bleeding  in  cases 
of  ANCA-associated  vasculitis  [15,  17].  At  this 
time,  use  of  recombinant  Factor  VII  is  considered 
“off-label”  but  further  study  is  warranted  for  gen¬ 
eral  use  in  cases  of  diffuse  alveolar  hemorrhage 
refractory  to  standard  therapy. 
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Case  Presentation 

A  5  3 -year-old  woman  with  a  history  of  atrial 
fibrillation,  smoking,  arterial  hypertension,  diabe¬ 
tes  mellitus,  and  previous  transient  ischemic 
attack  (TIA)  with  left  lower  extremity  weakness; 
presented  within  30  min  of  a  sudden  loss  of  right¬ 
sided  motor  function  of  both  the  upper  and  lower 
extremity,  a  profound  global  aphasia,  a  right  facial 
droop  and  a  gaze  deviation  to  the  left.  Her  present¬ 
ing  National  Institutes  of  Health  Stroke  Scale 
(NIHSS)  score  was  18.  At  the  time  of  presentation 
to  the  hospital  her  platelet  count  was  250  k,  white 
blood  cell  count  was  8.8  K,  and  coagulation  fac¬ 
tors  (aPTT,  PT/INR)  were  within  normal  limits. 
Her  blood  pressure  was  170/90,  heart  rate  was  110 
and  irregularly  irregular  and  respiratory  rate  was 
17.  She  was  protecting  her  airway  while  in  the 
emergency  department.  Her  home  medications 
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were  listed  as  lisinopril  20  mg  and  aspirin  81  mg, 
both  of  which  her  husband  stated,  “she  hadn’t 
filled  in  years.”  She  was  immediately  taken  for 
head  computed  tomography  (CT)  which  was 
unrevealing  except  for  a  small  hyperdensity  at  the 
location  of  the  left  middle  cerebral  artery  origin 
(Fig.  35.1).  She  then  underwent  a  CT  angiography 
of  the  neck  and  brain  vessels  that  revealed  a  cut  off 
of  the  left  middle  cerebral  artery  (Fig.  35.2).  She 
was  immediately  dosed  with  intravenous  tissue 
plasminogen  activator  (IV  tPA). 

Question  What  approach  should  guide  the 
remainder  of  this  patient’s  acute  stroke 
management? 

Answer  Emergent  endovascular  thrombectomy 

All  patients  with  acute  ischemic  stroke  (AIS) 
who  present  within  6  h  of  symptoms  onset  should 
be  evaluated  for  IV  tPA  and/or  acute  endovascular 
therapy.  IV  tPA  ideally  should  be  dosed  within  3  h 
of  symptoms  onset,  with  better  outcomes  directly 
correlated  to  shorter  door  to  thrombolytic  times. 
This  patient,  following  a  head  CT  that  revealed  no 
hemorrhage  and  not  having  any  other  contraindica¬ 
tion,  was  started  on  IV  tPA.  The  stroke  and  neuro¬ 
radiology  teams  reviewed  her  imaging  and 
calculated  an  Alberta  Stroke  Program  Early  CT 
Score  (ASPECTS)  of  greater  than  7.  She  was  taken 
expeditiously  to  the  angiography  suite  where  an 
NIHSS  score  by  the  stroke  team  was  repeated, 
revealing  little  to  no  clinical  improvement,  and  was 
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Fig.  35.3  Acute  LEFT  middle  cerebral  artery  cut-off 
seen  on  digital  subtraction  angiogram 


Fig.  35.1  Hyperdense  LMCA  sign 


Fig.  35.2  Acute  LMCA  cut-off 

subsequently  started  on  conscious  sedation  with 
midazolam  and  fentanyl  in  preparation  for  endovas¬ 
cular  thrombectomy.  Neuro-endovascular  special¬ 
ists  performed  an  emergent  cerebral  diagnostic 
angiogram  (Fig.  35.3),  which  revealed  a  persistent 
left  middle  cerebral  artery  occlusion.  A  stent- 


retriever  device  was  deployed  in  the  area  of  occlu¬ 
sion  for  roughly  2-3  min  (Fig.  35.4).  Following  the 
single  pass  attempt,  the  stent-retriever  was  pulled 
with  intact  clot  noted,  which  was  integrated  within 
the  stent  mesh  upon  device  removal.  A  confirma¬ 
tory  angiogram  was  shot  immediately  following  the 
thrombectomy  procedure  showing  complete  recan¬ 
alization  of  the  left  middle  cerebral  artery  with  no 
distal  artery  cut-off  (Fig.  35.5).  The  patient  was 
then  brought  to  the  neurological  critical  care  unit 
where  vital  signs  and  comprehensive  neurological 
assessments  were  completed  every  hour  for  24  h. 
Her  systolic  blood  pressure  was  kept  below 
180  mmHg  and  glucose  checks  were  instituted 
every  4  h  with  a  goal  to  maintain  euglycemia  (glu¬ 
cose  80-200  mg/dL).  Within  a  few  hours,  the 
patient  was  able  to  move  her  right  upper  and  lower 
extremity  against  gravity,  her  forced  gaze  deviation 
was  resolved  and  she  was  able  to  follow  simple 
commands.  One  day  later,  the  patient  began  speak¬ 
ing  more  fluently  and  was  able  to  sit  in  a  chair  and 
tolerate  a  regular  diet.  An  MRI  was  completed 
within  48  h  of  the  endovascular  procedure  that 
showed  a  very  small  ischemic  stroke  core  on  diffu¬ 
sion-weighted  imaging  and  T2  fluid  attenuated 
(FLAIR)  imaging.  She  also  underwent  an  echocar¬ 
diogram  that  revealed  a  65%  ejection  fraction, 
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Fig.  35.4  Deployment  of  stent-retriever  into  the  area  of 
occlusion  for  roughly  2-3  min 


Fig.  35.5  Confirmatory  angiogram  showing  recanaliza¬ 
tion  of  the  LEFT  middle  cerebral  artery 

moderate  left  atrial  enlargement  and  no  apical 
thrombus.  Her  CHA2DS2  -VASc  was  calculated  as 
a  5,  and  she  was  started  on  a  regimen  of  enoxaparin 
(1  mg/kg)  twice  daily  for  secondary  stroke  preven¬ 
tion  as  a  bridge  to  the  novel  anticoagulant  apixaban 
during  an  outpatient  follow-up  stroke  appointment. 
The  patient  continued  to  make  improvements  in 
neurological  status  and  was  transferred  out  of  the 
ICU  2  days  after  the  endovascular  therapy  with  full 


strength  on  the  right  side  of  her  body  and  only  mini¬ 
mal  word  finding  difficulties. 

Principles  of  Management 
Diagnosis 

Acute  ischemic  stroke  remains  a  clinical  diagno¬ 
sis  that  should  be  made  within  the  first  minutes  of 
a  patient  entering  the  emergency  department. 
Tools  such  as  the  NIHSS  (Table  35.1)  help  to 
assess  and  communicate  stroke  symptom  sever¬ 
ity,  however  in  the  presence  of  an  acute,  focal 
neurological  change,  stroke  should  always  be 
strongly  considered.  Ideally  an  initial  head  CT 
should  be  completed  as  soon  as  possible  and 
within  25  min  of  patient  arrival  to  assess  for  acute 
intracranial  pathology,  such  as  intracranial  hem¬ 
orrhage  [1,  2].  If  the  CT  scan  is  negative  for 
pathology,  the  patient  meets  time  criteria,  does 
not  have  a  contraindication,  and  continues  to 
have  a  neurological  deficit  suggestive  of  acute 
ischemic  stroke,  IV  tPA  should  be  administered 
[1].  A  CT  angiogram  of  the  head  and  neck  to 
assess  vessel  status,  perfusion  status  and  possible 
vessel  occlusion  can  be  completed  at  the  time  of 
the  initial  CT  scan  so  long  as  it  does  not  delay  the 
delivery  time  of  IV  tPA  [1].  An  MRI  with 
diffusion-weighted  imaging  (MRI-DWI)  in  the 
stroke  patient  can  be  used  to  show  areas  of 
restricted  diffusion  of  water  that  correspond  to 
areas  of  acute  ischemia.  Unlike  the  head  CT  for 
acute  stroke  imaging,  findings  on  MRI-DWI  gen¬ 
erally  appear  within  minutes  of  ischemia. 

Acute  Stroke  Management, 
tPA  Administration 

The  goal  for  AIS  therapy  focuses  on  revascular¬ 
ization  with  IV  tPA  ideally  within  45  min  of 
arrival  and  no  later  than  1  h  after  arrival  [1,  2]. 
Once  a  negative  CT  result  is  obtained,  the  thresh¬ 
old  for  starting  tPA  falls  to  the  treating  clinician, 
taking  into  account  the  severity  of  stroke  symp¬ 
toms  by  NIHSS,  the  bleed  risk  of  the  patient  and 
any  known  contraindications  such  as  recent 
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Table  35.1  NIHSS  scoring 

Drift,  but  doesn’t  hit  the  bed  (score  1) 

1A  -  Level  of  consciousness 

Drift,  but  it  does  hit  the  bed  (score  2) 

Alert;  keenly  responsive  (score  0) 

Is  not  able  to  lift  against  gravity  (score  3) 

Arouses  to  minor  stimulation  (score  1) 

No  movement  at  all  (Score  4) 

Requires  repeated  stimulation  to  arouse  or  painful 

6B  -  Right  leg:  Ask  patient  to  hold  LEFT  leg 

stimulation  (score  2) 

up  for  5  s 

Unresponsive,  only  reflexic  posturing  (score  3) 

No  drift  for  5  s,  or  amputee  (score  0) 

IB  -  Communication  -  Ask  “What  Month  is  it?  How 

Drift,  but  doesn’t  hit  the  bed  (score  1) 

old  are  you?” 

Drift,  but  it  does  hit  the  bed  (score  2) 

Both  questions  correct  (score  0) 

Is  not  able  to  lift  against  gravity  (score  3) 

Only  1  question  answered  correctly  or  if  the  patients 
is  intubated  or  has  a  language  barrier  (score  1) 

No  movement  at  all  (score  4) 

7  -  Ataxia:  finger  to  nose  and  heel  to  shin  testing 

No  ataxia  noted,  patient  aphasic,  patient  paralyzed 
(score  0) 

Ataxia  noted  in  1  limb  (score  1) 

Ataxia  noted  in  2  limbs  (score  2) 

8  -  Sensation:  testing  pain,  light  touch,  vibration 
sensation  bilaterally 

No  questions  answered  correctly/aphasic  (score  2) 

1C  -  Command  following  -  Ask  patient  to  “Blink 
eyes”  and  “Squeeze  Hands” 

Performs  both  tasks  correctly  (score  0) 

Performs  one  task  correctly  (score  1) 

Performs  none  correctly  (score  2) 

2  -  Horizontal  eye  movements 

Normal  sensation  bilaterally  (score  0) 

No  gaze  deviation,  palsy  (Score  0) 

Mild-moderate  unilateral  loss  of  sensation  (score  1) 

Partial  Gaze  Palsy:  Can  be  overcome  (Score  1) 

Complete  unilateral  loss  of  sensation  or 

Forced  Gaze  Palsy:  Cannot  be  overcome,  even  with 

unresponsive  (score  2) 

oculocephalic  reflex  (Score  2) 

9  -  Language:  testing  naming  of  objects,  reading 

3  -  Visual  fields 

simple  sentences,  describing  a  scene 

No  Visual  Loss  (Score  0) 

Normal  (score  0) 

Partial  Hemianopia  (Score  1) 

Mild  -  moderate  aphasia,  decreased  ability  to 

Complete  Hemianopia  (Score  2) 

communicate  but  is  able  to  get  most  ideas  out 
(score  1) 

Severe  aphasia  -  very  difficult  to  communicate, 
unable  to  have  effective  communication  (score  2) 

Mute/global  aphasia  or  coma  -  no  speech  or 
auditory  comprehension  (score  3) 

Blind  or  Bilateral  Hemianopia  (Score  3) 

4  -  Facial  weakness 

Normal  symmetry  (Score  0) 

Minor  paralysis,  flattened  nasolabial  fold,  smile 
asymmetry  (Score  1) 

10  -  Dysarthria:  repeat  or  read  words  testing  different 
parts  of  the  tongue 

Partial  paralysis,  Lower  Face  only  (Score  2) 

Complete  paralysis,  upper  and  lower  face  (Score  3) 

Normal  speech  (score  0) 

5a  -  Left  arm:  Ask  patient  to  hold  LEFT  arm  up  for  10  s 

Mild-moderate  dysarthria  -  slurred  words,  but 
understandable  (score  1) 

No  drift  10  s,  or  amputee  (score  0) 

Drift,  but  doesn’t  hit  the  bed  (score  1) 

Mute  or  severe  dysarthria  -  unable  to  comprehend 

Drift,  but  it  does  hit  the  bed  (score  2) 

speech  (score  2) 

Is  not  able  to  effort  against  gravity  (score  3) 

1 1  -  Extinction:  visual,  tactile,  auditory,  or  personal 

No  movement  at  all  (score  4) 

inattention  to  one  side 

5B  -  Right  arm:  Ask  patient  to  hold  RIGHT  arm  up 
for  10  s 

No  extinction  noted  (score  0) 

Extinction  to  one  extremity  (score  1) 

No  drift  10  s,  or  amputee  (score  0) 

Profound  unilateral  extinction,  more  than  one 

Drift,  but  doesn’t  hit  the  bed  (score  1) 

extremity  or  more  than  one  modality  (score  2) 

Drift,  but  it  does  hit  the  bed  (score  2) 

Score  is  total  out  of  41  points 

Is  not  able  to  effort  against  gravity  (score  3) 

From  Daniel  Runde,  MD.  NIH  Stroke  Scale/Score 
(NIHSS)  [Internet]  2016  [Accessed  2016  Mar  02]. 
Available  at  http://www.mdcalc.com/nih-stroke-scale- 
score-nihss/ 

No  movement  at  all  (score  4) 

6 A  -  Left  leg:  Ask  patient  to  hold  LEFT  leg  up  for  5  s 

No  drift  for  5  s,  or  amputee  (score  0) 

MDCalc©  2016.  All  Rights  Reserved 
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major  surgery  at  a  non-compressible  site,  recent 
myocardial  infarction  or  stroke,  or  recent  or 
active  major  gastrointestinal  or  brain  hemor¬ 
rhage.  All  patients  suspected  of  AIS  above  the 
age  of  1 8  who  present  within  3  h  of  known  symp¬ 
toms  onset  (or  last  known  well  time)  and  have  no 
bleeding  or  allergic  contraindication  should 
receive  IV  tPA,  if  feasible  to  give  under  that  time 
target  [1].  Systemic  tPA  is  dosed  at  0.9  mg/kg 
with  10  %  of  the  dose  given  as  an  IV  bolus  and  the 
remaining  90  %  given  over  the  course  of  an  hour 
[1,  3].  A  select  group  of  AIS  patients  (those  not  on 
anticoagulation,  younger  than  80  years  of  age  and 
without  a  previous  diagnosis  of  both  stroke  and 
diabetes)  continue  to  have  a  higher  benefit/risk 
ratio  from  IV  tPA  to  a  4.5  h  time  target  [1,  4]. 
Patients  taking  the  novel  anticoagulants 
(Apixaban,  Rivaroxiban,  Dabigatran,  Edoxaban) 
within  the  previous  2  days,  patients  on  warfarin 
with  an  INR>1.7  and  patients  on  a  therapeutic 
dose  of  IV  heparin  or  subcutaneous  low-molecular 
weight  heparin  should  not  receive  IV  tPA  [1]. 

Acute  Stroke  Management, 
Endovascular  Thrombectomy 

Immediately  following  IV  tPA  administration, 
all  AIS  patients  with  known  large  cerebral  vessel 
occlusion  per  imaging  (CTA  or  MRA)  should  be 
considered  for  endovascular  recanalization  ther¬ 
apy  [1,  5-7].  Several  randomized  controlled  tri¬ 
als  published  in  2014  and  2015  (i.e.  MR  CLEAN, 
SWIFT  PRIME,  EXTEND  IA,  ESCAPE, 
REVASCAT)  showed  that  endovascular  therapy 
is  indicated  for  select  patients  suffering  acute 
ischemic  stroke  who  present  within  6  h  of  stroke 
onset  (or  last  known  well  time)  and  meet  certain 
imaging  and  clinical  criteria  [8-13].  Each  of  the 
studies  showed  a  high  likelihood  of  favorable 
outcome  with  a  number  needed  to  treat  of  4  or 
less.  The  ideal  patients  considered  for  endovas¬ 
cular  therapy  should  have  an  NIHSS  score  of 
greater  than  6  and/or  a  severe  deficit  such  as 
hemianopsia  or  aphasia,  a  CT  ASPECTS  of 
greater  than  6  [14],  a  baseline  independence  of 
function  (modified  Rankin  score  of  less  than  2 
(Table  35.2),  show  an  acute  perfusion  abnormal¬ 
ity  to  a  brain  territory,  and  have  no  contraindica- 


Table  35.2  Modified  Rankin  Score  (can  utilize  the 
mRS-9Q  scale  [http://www.modifiedrankin.com/]  for 
easy  score  determination) 

Patient  has  no  symptoms  of  any  disease  process  at  all 
(score  0) 

Patient  has  mild  symptoms  of  a  disease,  no  disability, 
is  independent  (score  1) 

Patient  has  mild  -  moderate  symptoms  of  a  disease, 
some  disability,  is  independent  (score  2) 

Patient  has  moderate  -  severe  symptoms  of  a  disease, 
moderate  disability,  requires  help  with  some  activities 
of  daily  living,  but  is  able  to  walk  without  assistance 
(score  3) 

Patient  has  severe  symptoms  of  a  disease,  with 
moderately  severe  disability  and  is  unable  to  walk 
without  assistance  and  is  unable  to  attend  to  bodily 
needs  without  assistance  (score  4) 

Patient  has  severe  symptoms  of  a  disease,  with  severe 
disability,  remains  bedridden,  incontinent  and  requires 
constant  nursing  care  and  attention  (score  5) 

Patient  has  died  (score  6) 


tion  to  contrast-dye  administration  [6,  13]. 
Patients  who  benefited  from  endovascular  ther¬ 
apy  in  the  recent  trials  were  those  with  a  large 
anterior  territory  (anterior  cerebral  artery /middle 
cerebral  artery /carotid  terminus)  artery  occlusion 
who  presented  within  the  first  hours  of  deficit, 
had  an  NIHSS  score  of  >6,  and  were  less  than  80 
years  of  age  (Table  35.1)  [8-12].  Patients  with 
posterior  territory  strokes  were  not  studied.  The 
CT  ASPECTS  is  calculated  off  of  CT  source 
images  comparing  the  stroke- affected  side  with 
the  unaffected  side  in  10  separate  brain  regions 
[15].  For  each  region  noticeably  affected,  the 
ASPECTS  is  decreased  from  total  score  of  10 
(no  regions  affected)  to  a  score  of  zero  (all 
regions  affected). 

Supportive  Care 

All  AIS  patients  should  ideally  be  monitored 
closely  in  a  dedicated  neurosciences  ICU  or  in  a 
stroke  unit  with  continuous  monitored  telemetry 
and  neurologic  expertise  for  at  least  the  first  few 
days  following  an  event.  Patients  under  60  years 
of  age  with  large  AIS  (greater  than  1/3  of  a  supra¬ 
tentorial  hemisphere  or  a  large  cerebellar  infarct) 
should  be  offered  decompressive  craniectomy 
within  48  h  for  definitive  malignant  cerebral 
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edema  management  before  cerebral  herniation 
occurs  and  without  taking  into  account  which 
hemisphere  (dominant  or  non-dominant)  has 
infarcted  [1].  The  DECIMAL,  DESTINY  and 
HAMLET  studies  show  strong  evidence  for  an 
improvement  in  outcome  for  patients  under  60 
years  of  age  with  large  anterior  circulation  AIS 
who  undergo  early  hemicraniectomy  [16-18]. 
Outcomes  of  “medical  optimization”  of  intracra¬ 
nial  pressure  with  hyperosmolar  agents  (e.g. 
mannitol)  prior  to  hemicraniectomy  have  not 
been  readily  studied,  and  delay  of  surgery  while 
utilizing  these  therapies  is  not  recommended  [1]. 
At  the  time  of  this  manuscript,  there  are  ongoing 
studies  examining  whether  medications  such  as 
IV  glyburide  for  the  management  of  malignant 
cerebral  edema  is  efficacious  in  preventing  the 
need  for  hemicraniectomy  [19].  Physical,  occu¬ 
pational  and  speech  therapies  should  be  offered 
to  patients  as  soon  as  feasible  [1].  All  AIS  patients 
should  undergo  a  swallowing  function  examina¬ 
tion  upon  admission  and  enteral  access  should  be 
placed  if  the  patient  is  unable  to  cooperate  [1]. 
Daily  delirium  and  depression  screening  and 
complication  management  (deep  vein  thrombosis 
prophylaxis,  secondary  pneumonia  prevention, 
urinary  tract  infection  reduction,  etc.)  is  essential 
for  successful  outcome  [1]. 

Atrial  Fibrillation,  Heart  Failure 
and  Anticoagulation 

Several  risk  factors  for  the  development  of  AIS 
have  been  identified.  Although  hypertension, 
hyperlipidemia,  diabetes,  vascular  diseases  and 
smoking  history  contribute  significantly  to  one’s 
stroke  risk,  atrial  fibrillation  is  one  of  the  most 
ubiquitous  and  greatest  risk  factors  for  stroke 
[20-22].  Recently,  the  CHA2DS2  -VASc  scoring 
system  was  created  and  validated  to  stratify  the 
yearly  stroke  risk  in  a  patient  with  atrial  fibrilla¬ 
tion  and  compare  it  to  the  risk  of  bleeding  from 
systemic  anticoagulation  (Table  35.3)  [23]. 
Patients  with  a  score  higher  than  2  are  encouraged 
to  start  systemic  anticoagulation  so  long  as  there 
are  no  additional  contraindications  or  increased 
bleeding  risks.  Recently,  novel  anticoagulants 


Table  35.3  CHA2DS2  -  VASc  Score  calculation  for 
atrial  fibrillation  stroke  risk 

Congestive  Heart  Failure  (score  1) 

Hypertension  -  >140/90  (score  1) 

Age  >75  years  (score  2) 

Diabetes  mellitus  (score  1) 

Stroke,  TIA  or  thromboembolism  history  (score  2) 
Vascular  disease  (score  1) 

Age  65  to  74  (score  1) 

Sex  Category-  female  gender  (score  1) 


Stroke  risk/year  in  relation  to  score  (off 
anticoagulation)  is  as  follows: 


Score  1 

1.3  %  chance  of  stroke  per  year 

Score  2 

2.2  %  chance  of  stroke  per  year 

Score  3 

3.2  %  chance  of  stroke  per  year 

Score  4 

4.0  %  chance  of  stroke  per  year 

Score  5 

6.7  %  chance  of  stroke  per  year 

Score  6 

9.8  %  chance  of  stroke  per  year 

Score  7 

9.6  %  chance  of  stroke  per  year 

Score  8 

6.7  %  chance  of  stroke  per  year 

Score  9 

15.2  %  chance  of  stroke  per  year 

(apixaban,  edoxaban,  dabigatran  and  rivaroxa- 
ban)  have  been  FDA  approved  for  use  in  patients 
with  non- valvular  atrial  fibrillation.  These  novel 
oral  anticoagulants  (NOAC)  were  found  to  be 
superior  to  warfarin  for  stroke  prevention  in 
patients  with  atrial  fibrillation  with  atrial  fibrilla¬ 
tion  and  in  some  cases  (i.e.  apixaban)  with  lower 
hemorrhage  risk  [24-27] .  Patients  with  heart  fail¬ 
ure  and  an  ejection  fraction  (EF)  of  <15%  are 
also  at  a  higher  risk  for  ischemic  stroke.  The 
WARCEF  trial  was  completed  which  compared 
the  efficacy  of  aspirin  to  warfarin  in  the  preven¬ 
tion  of  heart  failure  related  strokes  [28,  29]. 
Among  WARCEF  patients  with  heart  failure  and 
EF  of  <15  %  who  were  in  sinus  rhythm,  there  was 
no  significant  overall  difference  in  the  primary 
outcome  between  treatment  with  warfarin  and 
treatment  with  aspirin. 

Secondary  Stroke  Prevention 
in  the  Acute  Stroke  Setting 

The  SPARCL  and  JUPITER  trials  both  found 
that  certain  HMG-CoA  reductase  inhibitors 
(“statins”)  reduce  the  risk  of  strokes  and  cardio- 


35  Acute  Stroke  Emergency  Management 


309 


vascular  events  in  patients  with  recent  stroke  or 
transient  ischemic  attack  [30-32].  The  conclu¬ 
sion  of  the  SPARCL  trial  was  that  high-dose  ator- 
vastatin  80  mg  should  be  used;  however  there 
was  a  slight  increase  in  the  incidence  of  hemor¬ 
rhagic  stroke.  Current  recommendations  state 
that  patients  with  a  concerning  lipid  panel 
(increased  LDL,  increased  cholesterol,  decreased 
HDL)  should  at  least  be  started  on  a  statin  and  the 
dose  titrated  to  an  improvement  in  lipid  numbers 
over  time.  Regarding  blood  pressure,  the  long¬ 
term  management  strategy  is  to  maintain  systolic 
blood  pressures  less  than  130  mmHg,  however  as 
is  further  described  below,  acute  blood  pressure 
management  is  as  of  yet  controversial  [1,  33-35]. 
Diabetes  also  should  be  controlled  in  a  patient’s 
long-term  stroke  management  strategy,  but  clini¬ 
cians  should  be  careful  to  prevent  hypoglycemia 
(glucose  <60  mg/dL)  and  severe  hyperglycemia 
(glucose  >200  mg/dL)  in  the  acute  stroke  setting 
[1,  36,  37].  ASA  81  mg  with  a  single  loading 
dose  of  325  mg  should  also  be  started  within 
24-48  h  of  acute  stroke  as  this  was  found  to 
reduce  rates  of  secondary  stroke  in  both  the 
CAST  and  1ST  studies  [1,  38,  39].  Other  anti¬ 
platelet  agents  such  as  clopidogrel  and  agents 
such  as  glycoprotein  Ilb/IIIa  receptor  antagonists 
have  not  been  studied  in  acute  secondary  preven¬ 
tion  of  stroke,  and  their  use  is  not  currently  rec¬ 
ommended  outside  of  clinical  trials  [1]. 

Evidence  Contour 

Several  aspects  of  management  in  the  patient 
with  acute  ischemic  stroke  remain  without 
consensus  in  the  face  of  available  clinical 
trials. 

"Wake-Up"  Strokes 

A  number  of  patients  (~25  %  of  all  strokes)  present 
to  the  emergency  department  with  AIS  symptoms 
noted  only  after  awakening  without  knowledge  of 
the  exact  time  of  onset  [40].  In  many  of  these 
patients  the  official  ‘last-known  well”  time  may 
have  been  several  hours.  There  is  some  evidence  to 


suggest  that  “wake-up  strokes”  may  occur  close  to 
awakening  and  that  these  patients  may  also  be  tPA 
candidates,  however  the  bleeding  risk  has  not  been 
assessed  in  this  population.  Clinical  trials  includ¬ 
ing  WAKE-UP,  SAIL-ON  and  EXTEND  are 
ongoing  to  test  the  safety  and  efficacy  of  IV  tPA  on 
the  wake-up  stroke  population. 

Acute  Cerebral  Artery  Dissection, 
Antiplatelets  Versus  Anticoagulation 

Several  studies  have  tried  to  address  the  question 
of  whether  anticoagulation  or  antiplatelet  thera¬ 
pies  are  superior  in  the  treatment  of  acute  cere¬ 
bral  artery  dissection.  CADIS S,  a  randomized 
controlled  trial  of  250  dissection  patients  (118 
carotid,  132  vertebral)  recently  published  in  2015 
showed  that  there  was  no  difference  of  efficacy 
between  antiplatelet  and  anticoagulant  medica¬ 
tions  at  preventing  the  endpoints  of  stroke  and 
death  in  those  with  symptomatic  arterial  dissec¬ 
tion  [41].  It  should  be  noted  however,  that  antico¬ 
agulant  medications  are  associated  with  higher 
rates  of  both  systemic  and  intracranial  bleeding 
complications. 

Blood  Pressure  Management  in  Acute 
Stroke  Patients 

Following  AIS,  the  optimal  blood  pressure  strat¬ 
egy  was  initially  theorized  to  allow  for  permis¬ 
sive  hypertension  with  a  systolic  goal  of  less  than 
180  to  avoid  countering  the  body’s  natural  auto- 
regulatory  compensation  of  ischemia  while  mini¬ 
mizing  secondary  hemorrhagic  complications. 
The  large,  randomized  2014  CATIS  trial  did  not 
show  a  significant  difference  in  patients  who 
underwent  aggressive  blood  pressure  reduction 
(10-25  %  within  the  first  24  h)  to  a  goal  of  140/90 
within  7  days  from  the  control  group  of  patients 
in  which  they  discontinued  all  antihypertensive 
medications  [42] .  Many  stroke  clinicians  now  opt 
for  a  lower  target  blood  pressure  as  long  as  there 
are  no  symptomatic  changes  in  the  patient’s  neu¬ 
rological  examination.  Regarding  exceptional 
conditions  in  which  patients  have  symptomatic 


310 


P.  George  and  L.R.  Lara 


hypotension  that  leads  to  neurological  worsening 
(“perfusion  dependence”)  there  is  some  limited 
evidence  that  pharmacologically  induced  hyper¬ 
tension  may  be  utilized  for  a  short  period  under 
close  monitoring  [1].  There  is  however  insuffi¬ 
cient  evidence  to  recommend  volume  expansion, 
prolonged  pharmacologically  induced  hyperten¬ 
sion,  albumin  infusions,  and  hemodilution  for 
stroke  patients. 

Hemicraniectomy  in  Patients  Older 
than  60  Years  Old  with  Large 
Hemispheric  Stroke 

As  previously  discussed,  several  randomized 
control  trials  have  shown  a  definite  benefit  in 
morbidity  and  mortality  end-points  to  early  hemi¬ 
craniectomy  for  the  reduction  of  malignant  cere¬ 
bral  edema  in  patients  under  the  age  of  60  with 
large  territory  strokes  within  24-48  h  after  onset 
of  symptoms.  DESTINY  II  a  recent  randomized 
trial  showed  that  in  patients  over  the  age  of  60, 
morbidity  was  marginally  reduced  by  hemicrani¬ 
ectomy;  however  outcomes  were  complicated  by 
significant  morbidity  [43].  Many  of  the  patients 
who  underwent  hemicraniectomy  in  the  trial 
improved  only  from  a  modified  Rankin  scale 
score  of  6  (dead)  to  5  (bed-bound  with  constant 
nursing  care)  and  none  of  the  patients  in  either 
arm  became  functionally  independent.  In  the 
therapy  of  patients  over  the  age  of  60  with  large 
stroke,  the  strategy  to  avoid  mortality  should 
largely  center  on  medical  therapy  (osmotherapy) 
with  family  discussions  on  goals  of  care. 

Early  Rehabilitation  in  Stroke 
Patients 

A  number  of  hospital  based  studies,  both  in  the 
ICU  as  well  as  on  floor  units  have  found  that  the 
early  rehabilitation  of  patients  is  generally  associ¬ 
ated  with  better  outcomes  for  patients  across  sev¬ 
eral  pathologic  processes,  lower  complication  rates 
and  fewer  days  spent  in  the  hospital.  The  recent 
AVERT  randomized  controlled  trial  however 
showed  that  very  early  mobilization  of  AIS  patients 


was  associated  with  a  reduction  in  the  odds  of  a 
favorable  outcome  at  3  months  and  that  early 
mobilization  did  not  lead  to  fewer  immobility 
related  complications  in  these  patients  [44].  There 
was  little  to  no  harm  caused  by  early  mobilization 
and  the  study  did  not  specifically  speculate  as  to 
why  there  was  a  reduction  in  the  favorable  out¬ 
comes  at  3  months.  A  number  of  stroke  clinicians 
still  advocate  for  early  mobilization  of  stroke 
patients,  as  ongoing  studies  are  pending.  There  is  a 
randomized  study  published  in  2011  utilizing 
Fluoxetine  for  motor  recovery  after  acute  ischemic 
stroke  (FLAME  study),  which  showed  modest 
improvements  in  functional  outcomes  at  3  months 
post  stroke  in  the  Fluoxetine  arm  [45].  The  mecha¬ 
nism  for  this  improvement  is  unknown  and  it  is 
speculated  the  medication  may  stimulate  some 
degree  of  brain  plasticity. 

Basilar  Artery  Thrombosis,  Therapy 
After  4.5  Hours 

As  with  other  strokes,  if  a  patient  arrives  within 
the  appropriate  time  window  (<4.5  h)  IV  tPA 
should  be  initiated,  if  eligible,  and  the  patient 
should  be  considered  a  candidate  for  endovascu¬ 
lar  therapy  [1].  Basilar  artery  thrombosis  is  how¬ 
ever  an  uncommon  form  of  AIS  and  its 
consequences  are  often  fatal  [46].  There  are  a 
number  of  studies  and  case  reports  revealing 
improved  outcomes  following  successful  recan¬ 
alization  of  the  basilar  artery  even  out  to  several 
hours  post  traditional  timelines  for  anterior 
artery  strokes,  however  due  to  the  differences  in 
management  style  and  nature  of  these  studies, 
recommendations  regarding  therapy  are  lacking. 
The  prospectively  collected  BASICS  registry 
indicates  that  about  1/3  of  patients  post  recanali¬ 
zation  with  either  IV  tPA  or  intra-arterial  therapy 
die,  1/3  lose  functional  independence  and  1/3 
regain  function  [47].  In  general,  for  patients  with 
limited  symptomatology  and  suspected  acute 
basilar  occlusion,  endovascular  intervention  may 
be  warranted  to  limit  the  sequelae  of  the  disease. 
The  intra-arterial  therapy  can  take  place  in  some 
cases  even  up  to  48  h  post  initial  stroke  symp¬ 
toms  with  the  potential  for  improved  outcomes 
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[47].  Studies  are  ongoing  to  determine  safety 
and  efficacy  of  endovascular  recanalization  in 
posterior  circulation  large  vessel  strokes. 

Endovascular  Therapy  Without  IV 
tPA,  After  4.5  Hours 

IV  tPA  is  limited  in  its  utility  after  4.5  h  as  the 
statistical  risk  of  hemorrhage  becomes  greater 
than  the  potential  benefit  [48].  Endovascular 
therapy  alone  has  not  been  shown  to  be  inferior 
to  IV  tPA  for  the  recanalization  of  vessels,  and 
utilizing  the  newer  stent-retriever  devices  has 
shown  a  greater  than  90  %  success  rate  in  some 
studies  [12,  13].  Due  to  the  success  rate  of  these 
devices  and  the  lack  of  necessity  to  utilize  tPA, 
some  stroke  clinicians  and  endovascular  spe¬ 
cialists  offer  intervention  to  6  h  or  longer  based 
on  imaging  criterion  and  clinical  expertise. 
Some  newer  trials  are  utilizing  the  CT  ASPECTS 
score  and/or  CT  perfusion  studies  to  calculate 
the  risk  and  benefits  of  the  procedure  while  oth¬ 
ers  utilize  MRI-DWI  and  penumbra  characteris¬ 
tics  to  guide  the  decision  for  intra-arterial 
therapy  [15].  The  current  recommendation  for 
intra-arterial  therapy  without  tPA  is  based  on 
clinical  examination  and  should  be  reserved  for 
patients  that  either  have  a  small  ischemic  core 
on  MRI-DWI  or  an  ASPECTS  score  >7  at  the 
time  of  intervention  [13]. 

Stenting  in  Acute  Stroke  Therapy 

Intracranial  arterial  stenosis  (ICAS)  is  generally 
caused  by  a  buildup  of  plaques  on  the  vessel  walls 
and  occurs  in  patients  with  atherosclerosis.  When 
the  stenosis  becomes  severe  enough,  it  can  lead  to 
stroke  either  through  plaque  rupture  or  by  occlu¬ 
sion  of  the  vessel.  The  mainstay  of  therapy  for 
patients  with  ICAS  has  been  a  combination  of 
antiplatelet  medications,  anti-hypertensives,  lipid¬ 
lowering  agents,  smoking  cessation,  lifestyle 
modification  and  diabetic  glucose  management. 
The  SAMMPRIS  trial,  published  in  2012  studied 
stenting  versus  aggressive  medical  therapy  for 
ICAS  [49] .  Patients  in  both  groups  received  dual 


anti-platelet  medication  with  aspirin  and  clopido- 
grel  for  90  days  in  addition  to  the  modifications  as 
listed  above.  The  experimental  arm  additionally 
included  endovascular  stenting  of  a  symptomatic 
cerebral  artery.  The  study  was  halted  early  due  to 
the  high  risk  of  stroke  following  stenting  and 
because  the  risk  of  stroke  with  aggressive  medical 
therapy  alone  was  lower  than  expected.  Patients 
with  recurrent  stroke  due  to  ICAS  despite  aggres¬ 
sive  medical  therapy  are  now  rarely  offered  intra¬ 
cranial  stenting  and  it  is  recommended  that  these 
patients  enroll  in  medical  device  trials. 

Patients  with  extracranial  arterial  stenosis 
(EC AS)  in  the  carotid  arteries  are  candidates  for 
either  stenting  or  carotid  endarterectomy  [50-52]. 
The  CREST  trial  published  in  2010  addressed 
which  therapeutic  management  was  recom¬ 
mended  for  patients  with  EC  AS  [53].  It  was  found 
that  patients  had  a  higher  risk  of  stroke  with  stent¬ 
ing  and  a  higher  risk  of  myocardial  infarction 
with  endarterectomy,  and  the  composite  primary 
outcome  of  stroke,  myocardial  infarction  or  death 
did  not  significantly  differ  between  groups. 
Carotid  artery  stenting  tended  to  show  greater 
efficacy  in  patients  under  70  years  old,  while 
carotid  endarterectomy  showed  greater  efficacy  in 
those  greater  than  70  years  old.  CREST-2  is  now 
currently  in  progress  to  assess  the  efficacy  of 
stenting  in  asymptomatic  patients  [54]. 

Stenting  for  acute  dissection  has  not  been 
readily  studied  however  can  potentially  provide 
some  benefit  in  select  patients  who  can  tolerate  a 
short  course  of  dual-antiplatelet  therapy. 

Dual  Anti-platelet  Therapy,  Aspirin 
plus  Clopidogrel  for  Secondary 
Stroke  Prevention 

In  1996,  the  CAPRIE  study,  in  2005,  the  CARESS 
trial  and  in  2010  the  CLAIR  study  showed  that  in 
patients  with  symptomatic  carotid  stenosis,  com¬ 
bination  therapy  with  clopidogrel  and  aspirin  was 
more  effective  than  aspirin  alone  in  reducing 
asymptomatic  embolization  [55-57].  The 
MATCH  trial,  a  2004  study  of  7599  patients, 
found  that  adding  aspirin  to  clopidogrel  in  high 
risk  patients  with  recent  ischemic  stroke  or  TIA 
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lead  to  greater  bleeding  risk  than  clopidogrel 
alone,  and  the  combination  was  not  associated 
with  fewer  ischemic  events  [58].  CHARISMA,  a 
large  2006  study  (15,603  patients),  found  that 
clopidogrel  plus  aspirin  was  not  significantly 
more  effective  than  aspirin  alone  in  reducing  the 
rate  of  myocardial  infarction,  stroke  or  death,  and 
in  2012  the  SPS3  study  showed  that  the  combina¬ 
tion  did  not  reduce  the  rate  of  lacunar  stroke  [59, 
60].  A  2013  systematic  review  and  meta-analysis 
later  also  found  that  dual-antiplatelet  therapy  last¬ 
ing  for  more  than  1  year  did  not  reduce  recurrent 
stroke  risk  and  increased  the  risk  for  intracranial 
hemorrhage  over  clopidogrel  monotherapy  [61]. 
The  CHANCE  trial,  also  released  in  2013,  showed 
that  among  patients  with  TIA  or  minor  stroke  the 
treatment  for  the  first  90  days  with  combination 
aspirin  and  clopidogrel  followed  by  monotherapy 
reduced  the  risk  of  stroke  and  did  not  increase  the 
risk  of  hemorrhage  in  the  Chinese  population 
[62].  A  larger  scale  trial,  POINT,  is  currently  in 
progress  to  assess  the  efficacy  and  safety  of  short¬ 
term  (90  day)  dual-antiplatelet  therapy  [63].  In 
light  of  these  studies,  there  is  insufficient  evidence 
to  recommend  long-term  (>3  month)  dual-anti- 
platelet  therapy,  however  clinicians  can  consider 
short-term  combination  therapy  for  the  treatment 
of  recurrent  stroke  and  micro-embolic  events. 
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Case  Presentation 

A  55  year  old  man  with  a  history  of  recurrent 
bacterial  sinusitis  was  brought  to  the  emergency 
department  for  1  day  of  progressive  confusion. 
The  patient  complained  of  a  severe,  generalized 
headache  and  light  sensitivity.  On  exam  he  was 
febrile  to  102.1  °F,  agitated  and  oriented  to  name 
only.  Severe  nuchal  rigidity  was  present,  but  no 
obvious  focal  neurologic  deficits  were  observed 
on  exam.  Papilledema  was  not  visualized  on  fun- 
doscopy  although  the  exam  was  limited  due  to 
the  patient’s  significant  photosensitivity. 

Blood  cultures  were  sent  immediately  and  the 
patient  was  initiated  on  empiric  IV  antibiotic 
therapy  with  vancomycin,  ampicillin,  and  ceftri¬ 
axone.  A  computed  tomography  (CT)  of  the  brain 
without  contrast  did  not  reveal  any  mass  lesions 
or  obvious  signs  of  increased  intracranial  pres¬ 
sure.  A  lumbar  puncture  (LP)  was  significant  for 
an  elevated  opening  pressure  of  32  cmH20  and 
CSF  analysis  revealed  a  white  blood  cell  (WBC) 
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count  of  3000  cells/pL  with  88  %  neutrophils, 
glucose  of  30  mg/dL  and  protein  of  250  mg/dL.  A 
gram  stain  showed  gram  positive  cocci  in  pairs 
and  chains  (Fig.  36.1). 

During  transfer  of  the  patient  from  the  ED,  the 
patient  developed  a  generalized  tonic-clonic  sei¬ 
zure  and  was  urgently  given  IV  lorazepam.  Due 
to  decreased  level  of  consciousness  after  the  sei¬ 
zure,  the  patient  was  intubated  for  airway  protec¬ 
tion  and  was  admitted  to  the  ICU. 

Question  What  additional  inpatient  precautions 
should  be  taken  for  the  most  likely  diagnosis? 

Answer  Droplet  precautions  for  presumed  acute 
community  acquired  bacterial  meningitis. 

This  patient  presented  with  the  ‘classic  triad’ 
for  bacterial  meningitis  of  fever,  neck  stiffness 
and  altered  mental  status  (AMS).  Although  the 


•  •  M  '' 


Fig.  36.1  Gram  positive  lancet  shaped  diplococcic  con¬ 
firming  Streptococcus  pneumonia  (Image  courtesy  of  Dr. 
Valerie  Ng  at  Alameda  Health  System) 
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complete  triad  is  present  only  44%  of  the  time 
[1],  nearly  all  patients  with  bacterial  meningitis 
will  present  with  one  of  the  three  findings  [2]. 
The  absence  of  all  three  of  these  signs  in  the  clas¬ 
sic  triad  essentially  eliminates  bacterial  meningi¬ 
tis  from  the  differential  [2].  The  classic  physical 
exams  for  evaluation  of  meningeal  irritation, 
Kernig’s  and  Brudzinski’s  signs  are  not  that  use¬ 
ful  as  these  only  have  61  %  sensitivity  for  bacte¬ 
rial  meningitis  compared  to  nuchal  rigidity 
(difficulty  with  chin  to  chest  or  flexion  of  the  cer¬ 
vical  spine)  which  has  84  %  sensitivity  for 
bacterial  meningitis  [3].  While  these  physical 
exam  signs  may  provide  support  in  establishing 
the  diagnosis,  a  lumbar  puncture  is  still  required 
for  definitive  diagnosis. 

Until  the  specific  pathogen  responsible  for 
community  acquired  bacterial  meningitis  has 
been  identified,  strong  consideration  should  be 
given  for  initiating  droplet  precautions.  Droplet 
precautions  are  recommended  by  the  CDC  to 
decrease  the  spread  of  infection  caused  by 
Neisseria  meningitides  and  Haemophilus  influen¬ 
zae  type  b.  A  definitive  diagnosis  may  be  delayed 
for  several  days  [4].  In  addition,  depending  on  the 
quality  of  the  gram  stain,  differentiating  between 
gram  positive  cocci  and  gram  negative  cocci  may 
be  difficult.  For  these  reasons,  a  general  recom¬ 
mendation  is  to  keep  patients  with  presumed  com¬ 
munity  acquired  bacterial  meningitis  in  droplet 
precautions  for  at  least  the  first  24  h  of  therapy 
and  until  the  etiology  has  been  determined. 

Although  appropriate  empiric  antibiotics  to 
cover  the  usual  organisms  implicated  in  commu¬ 
nity  acquired  bacterial  meningitis  were  initiated, 
all  adult  patients  with  suspected  or  confirmed 
bacterial  meningitis  by  lumbar  puncture  should 
also  be  treated  with  IV  dexamethasone  prior  to  or 
at  the  time  of  their  first  dose  of  antibiotics  [1].  In 
our  case,  this  patient  should  have  be  started  on 
the  standard  dose  of  dexamethasone  at  10  mg  IV 
q6h,  15  min  prior  to  initiation  of  his  antibiotics  to 
complete  a  4  day  course  [1,  5].  The  efficacy  of 
steroids  in  bacterial  meningitis  is  discussed  fur¬ 
ther  in  the  management  section  of  this  chapter. 

It  is  critical  to  initiate  empiric  antibiotics 
promptly  and  without  delay  while  awaiting  CSF 
gram  stain  results  or  imaging  of  the  brain.  In  this 


case,  the  patient  did  meet  criteria  for  imaging 
prior  to  LP  due  to  altered  level  of  consciousness, 
(see  below),  still  empiric  antibiotics  were  given 
promptly.  Initially,  during  selection  of  the  antibi¬ 
otics  it  is  important  to  assume  a  high  likelihood 
of  antimicrobial  resistance  and  select  broad  cov¬ 
erage.  In  this  case,  our  patient’s  empiric  antibiot¬ 
ics  included  vancomycin  and  ceftriaxone  to  cover 
for  the  most  common  pathogens,  Streptococcus 
pneumoniae  and  Neisseria  meningitides.  Because 
this  patient  was  over  age  50  years,  ampicillin  was 
also  appropriately  added  to  cover  for  Listeria 
monocytogenes. 

Although  the  gram  positive  diplococci  were 
seen  on  gram  stain,  suggestive  of  Streptococcus 
pneumoniae ,  the  patient  was  continued  on  the 
recommended  empiric  antibiotics  vancomycin 
15  mg/kg  IV  q8h  (15-20  ug/mL  trough  target) 
and  ceftriaxone  2  g  IV  ql2h  until  definitive  cul¬ 
ture  results  and  sensitivities  are  available.  See 
Fig.  36.1. 

Our  patient  was  also  started  on  anti-epileptic 
therapy  and  had  no  additional  seizure  activity.  Over 
the  next  few  days  the  CSF  cultures  grew  pansensi¬ 
tive  Streptococcus  pneumoniae  and  the  patient  was 
continued  on  ceftriaxone  for  a  14  day  course.  By 
the  third  day  the  patient  was  alert  and  able  to  follow 
commands  and  was  extubated.  Seizure  medica¬ 
tions  were  discontinued  and  no  further  seizures 
occurred. 

Principles  of  Management 

Early  recognition  and  treatment  is  critical  to  sur¬ 
vival  from  bacterial  meningitis.  The  host  inflam¬ 
matory  response  to  this  infection  can  be 
devastating.  Several  host  and  pathogen  related 
factors  ultimately  lead  to  this  condition.  Virulence 
factors  allow  bacteria  to  colonize  host  epithelium 
with  seeding  of  the  bloodstream,  crossing  of  the 
blood  brain  barrier  and  subsequent  multiplication 
in  the  CSF  due  to  the  relative  paucity  of  humoral 
immunity  in  the  CSF.  This  cascade  of  events  can 
lead  to  both  systemic  and  neurologic  complica¬ 
tions.  Here  we  will  discuss  the  basic  epidemiol¬ 
ogy,  diagnosis,  and  treatment  of  community 
acquired  bacterial  meningitis. 
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Epidemiology 

In  recent  decades  there  has  been  a  shift  in  the 
pathogens  responsible  for  bacterial  meningitis. 
With  the  development  and  standardization  of 
childhood  vaccines  against  H.  influenza  type  b 
(Hib)  in  1985,  pneumococcal  vaccines  (pneumo¬ 
coccal  conjugate  vaccine  [PCV13]  and  pneumo¬ 
coccal  polysaccharide  vaccine  [PPSV23])  in  2000 
and  meningococcal  conjugate  vaccine  (MCV4) 
in  2005  the  burden  of  bacterial  meningitis  has 
shifted  to  predominately  older  populations  [6,  7] . 
Despite  vaccines,  Streptococcus  pneumoniae  and 
Neisseria  meningitidis  still  account  for  over  80  % 
of  bacterial  meningitis  cases  [7,  8].  Less  common 
pathogens,  Group  B  Streptococcus  (GBS), 
Haemophilus  influenzae  Listeria  monocytogenes 
make  up  the  remaining  approximately  17  %  of 
cases  [7].  Patients’  ages  16-50  are  at  greatest  risk 
for  Neisseria  meningitidis  or  Streptococcus  pneu¬ 
moniae,  however,  patients  over  the  age  of  50  or 
immunocompromised  patients  have  an  increased 
risk  for  Listeria  monocytogenes,  GBS,  and  aero¬ 
bic  gram  negative  bacilli  [7,  8]. 

Diagnosis 

All  patients  with  suspected  bacterial  meningitis 
should  receive  an  LP  unless  contraindicated.  See 
Fig.  36.2  for  a  management  algorithm  in  all 
patients  with  suspected  bacterial  meningitis. 
Relative  contraindications  include  elevated  intra¬ 
cranial  pressure,  thrombocytopenia/bleeding  dia¬ 
thesis  or  spinal  epidural  abscess  [10].  If  collection 
of  CSF  is  delayed  for  imaging  or  other  reasons, 
blood  cultures  should  be  collected  prior  to  anti¬ 
microbial  administration  but  antibiotics  should 
not  be  delayed.  Positivity  of  blood  cultures  for 
bacterial  meningitis  range  from  50  to  90%  [1]. 

CSF  results  consistent  with  the  diagnosis  of 
bacterial  meningitis  include  (1)  elevated  opening 
pressure  (normal  20cmH2O),  (2)  pleocytosis  of 
1000  to  5000  pL  with  a  >80%  neutrophil 
predominance,  (3)  glucose  below  40  mg/dL 
(in  adults  glucose  ratio  CSF:  serum  <0.4), 
(4)  mildly  elevated  protein  level  100-500  mg/dL 
and  (5)  cloudy  or  turbid  appearance. 


Sensitivity  for  a  positive  gram  stain  ranges 
from  60  to  90  %  with  a  >97  %  specificity;  greater 
likelihood  of  positive  gram  stains  are  seen  in 
streptococcus  pneumoniae,  H.  flu  and  Neisseria 
as  opposed  to  gram  negative  bacilli  [11].  See 
Table  36.1.  CSF  cultures  identify  an  organism  70 
to  85  %  of  the  time  [13].  Serum  and  urine  bacte¬ 
rial  antigens  are  not  routinely  helpful. 

Notably,  a  traumatic  tap,  intracerebral  or  sub¬ 
arachnoid  hemorrhage  or  recent  seizure  can  all 
result  in  a  falsely  elevated  WBC  in  the  CSF.  To 
correct  WBC  for  a  traumatic  tap,  subtract  1  WBC 
for  every  500  to  1500  red  blood  cells  (RBCs)  in 
CSF  to  give  the  ‘Adjusted  CSF  WBC’  [14]. 

Select  patients  may  be  at  risk  for  undergoing 
an  LP  and  should  receive  imaging  prior  to 
LP.  Antibiotic  administration,  however,  should 
not  be  delayed  [15].  See  Fig.  36.2. 

Repeat  LPs  are  not  indicated  in  patients  with 
bacterial  meningitis  unless  there  has  been  no 
clinical  improvement  after  48  h  of  appropriate 
antibiotics.  This  is  especially  important  if  there  is 
concern  for  pneumococcal  meningitis  with  peni¬ 
cillin  or  cephalosporin  resistance  or  when  the 
patient  has  been  treated  with  dexamethasone  [1]. 

Antibiotics 

A  delay  in  administration  of  antibiotics  of  greater 
than  3  h  from  admission  in  bacterial  meningitis 
has  been  associated  with  increased  morbidity 
and  mortality.  Antibiotics  should  target  the  pre¬ 
sumed  pathogen  identified  by  gram  stain,  or 
empirically  started  if  the  LP  is  delayed  [1]. 
Antibiotics  should  be  bactericidal  and  cross  the 
blood  brain  barrier  [16]. 

Empiric  antibiotics  for  adults  are  vancomycin 
and  a  third  generation  cephalosporin  (ceftriaxone 
or  cefotaxime).  In  patients  with  risk  factors  for 
listeria  (>50  years  old,  immunocompromised  or 
alcoholism)  the  addition  of  ampicillin  or  penicil¬ 
lin  G  should  be  included.  If  there  is  a  beta-lactam 
allergy:  Vancomycin  and  moxifloxacin  are  con¬ 
sidered  empiric  coverage  with  trimethoprim- 
sulfamethoxazole  added  for  listeria.  Consider  the 
use  of  a  fourth  generation  cephalosporin  such  as 
cefepime  or  a  carbapenem  such  as  meropenem  in 
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Dexamethasone 
&  Empiric 
antibiotics 


NO  | 


CSF  suggestive 
of  bacterial 
meningitis 


YES 


Criteria  for  imaging  prior  to  LP 

•  Immunocompromise 

•  CNS  disease 

•  Seizure 

•  Signs  of  elevated  ICP 

•  Altered  consciousness 

•  Focal  neuro  deficit 


Fig.  36.2  Management  algorithm  for  adults  with  suspected  bacterial  meningitis  [9]  (From  Tunkel  et  al.  [9].  Reprinted 
with  permission  from  Oxford  University  Press) 


severely  immunocompromised  patients  to  cover 
for  additional  gram  negative  pathogens. 

The  duration  of  antibiotic  therapy  is  usually 
from  7  to  14  days  but  should  be  guided  by  the  spe¬ 
cific  pathogen  identified,  disease  severity  and  anti¬ 
microbial  agent  selected  [9, 17, 18]  See  Table  36.2. 


Steroids 

Dexamethasone  works  via  two  routes:  (1)  reduc¬ 
tion  in  meningeal  inflammation  (2)  blunting  a 
secondary  inflammatory  response  to  the  bacterial 
products  released  from  the  first  dose  of  antibiotics 
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[17].  Optimal  initiation  of  dexamethasone  is  15 
to  20  min  prior  the  first  dose  of  antibiotics,  or 
alongside  their  first  dose  of  antibiotics.  The  rec¬ 
ommended  dose  of  dexamethasone  is  0.15  mg/kg 
IV  every  6  h  [4].  The  administration  of  dexa¬ 
methasone  in  patients  with  bacterial  meningitis 
reduces  unfavorable  neurological  outcomes. 
Notably,  the  reduction  in  mortality  was  only 


Table  36.1  Gram  stain  appearance  for  specific  bacterial 
meningitis  pathogens  [12]. 


Gram  stain  appearance 

Specific  pathogen 

Gram  positive  diplococci 
‘lancet-shaped’ 

Streptococcus 

pneumoniae 

Gram  positive  cocci  in 
clusters  or  tetrads 

Staphylococcus  aureus 

Gram  positive  cocci 

Streptococcus  agalactiac 

Gram  positive  rods 

Listeria  monocytogenes 

Gram  negative  diplococci 

Neisseria  meningitidis 

Pleomorphic  gram 
negative  rods 
(cocco-bacilli) 

Haemophilus  influenzae 

Gram  negative  rods 

E.  Coli  or  other 

Enter  obacteriaceae 

Gram  negative  rods 
(bacilli) 

Pseudomonas 

aeruginosa 

statistically  significant  in  patients  presenting  with 
a  moderate  level  of  neurological  impairment  at 
admission  (Glasgow  Coma  Scale  [GCS]  score  of 
8  to  11).  No  benefit  to  mortality  was  seen  if  the 
patients  with  GCS  scores  >  11.  No  proven  benefit 
and  a  higher  likelihood  of  poor  outcomes  have 
been  identified  if  dexamethasone  is  given  after 
antibiotics  have  been  started  [4] . 

The  reduction  in  neurologic  sequelae  and  mor¬ 
tality  with  adjunctive  steroids  are  clearly  seen 
with  pneumococcal  meningitis.  Unfortunately 
these  findings  have  not  been  proven  in  meningitis 
caused  by  other  pathogens.  Nevertheless,  the 
Infectious  Diseases  Society  of  America  (IDSA) 
recommends  adjunctive  dexamethasone  in  all 
adult  patients  with  suspected  or  proven  bacterial 
meningitis. 

Long  Term  Neurologic  Complications 

The  risk  of  developing  any  neurologic  compli¬ 
cations  has  been  sited  to  be  as  high  as  28  % 
overall  in  community  acquired  bacterial  menin¬ 
gitis  and  depends  on  the  pathogen  involved, 


Table  36.2  Recommended  antibiotic  duration  for  specific  bacterial  meningitis  pathogens  [1] 


Specific  pathogen 

Antibiotics 

Duration 

Strep  pneumoniae 

PCN 

MIC  <0.06  mcg/mL 

Penicillin  G  (monotherapy) 

10-14  days 

MIC  >0.1 2a 

3rd  generation  cephalosporinb 

If  Ceftriaxone  MIC  >  1  mcg/mL 

Add  Vancomycin 

Neisseria  meningitidis 

3rd  generation  cephalosporinb 

7  days 

Haemophilus  influenzae 

7  days 

Beta-lactamase  NEG 

Ampicillin 

Beta-lactamase  POS 

3rd  generation  cephalosporinb 

Listeria  monocytogenes 

Ampicillin  or  Penicillin  G 

21  days 

Streptococcus  agalactiae 

Ampicillin  or  Penicillin  G 

14-21  days 

Plus  aminoglycoside 

E.  Coli  or  other  Enterobacteriaceaea 

3rd  generation  cephalosporinb 

14-21  days 

Pseudomonas  aeruginosa a 

Cefepime  or  ceftazidime 

21  days 

Staphylococcus  aureus 

Methicillin  susceptible 

Nafcillin  or  oxacillin 

10-14  days 

Methicillin  resistant 

Vancomycin 

MIC  minimum  inhibitory  concentration 

Add  rifampin  if  MIC  >2  mcg/mL  for  3rd  generation  cephalosporin  to  maximize  CSF  penetration. 
bCeftriaxone  or  cefotaxime 
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Fig.  36.3  Examples  of  purpura  fulminans  (From  Endo  et  al.  [24].  Courtesy  of  Biomed  Central  (Open  Access)) 


time  to  antibiotic  administration,  severity  at 
presentation,  and  whether  steroids  were  admin¬ 
istered  [19].  Neurologic  complications  include 
both  early  onset  (altered  mental  status,  elevated 
ICP,  seizures,  focal  neurologic  deficits)  and 
more  long  term  sequelae  (permanent  neuro¬ 
logic  deficits,  hearing  loss,  or  cognitive  impair¬ 
ment).  One  study  examined  a  model  for 
prediction  for  neurologic  complications  or 
death  at  discharge  using  hypotension,  altered 
mental  status,  and  seizures  as  criteria.  The  pres¬ 
ence  of  2  of  the  3  criteria  predicted  a  56% 
chance  of  adverse  outcome,  while  the  presence 
of  only  1  of  the  3  criteria  predicted  a  9  %  chance 
of  adverse  outcome.  It  was  also  noted  that  neu¬ 
rologic  events  were  seen  more  in  pneumococcal 
meningitis  [17]. 

Meningococcemia 

It  is  important  to  briefly  discuss  additional  spe¬ 
cific  details  related  to  N.  meningitidis  and  the 
development  of  meningococcemia.  N.  meningiti¬ 
dis  can  cause  three  major  syndromes:  meningitis 
alone;  meningitis  accompanied  by  meningococ¬ 
cemia  (sepsis);  or  meningococcemia  without 
meningitis.  In  these  disease  states  caused  by  N. 
meningitidis,  mortality  is  higher  and  timely 
antibiotics  are  crucial  with  an  antibiotic  delay  of 
even  30  min  considered  unacceptable  [20]. 


Meningeal  signs  and  symptoms  along  with 
fever  and  petechial  rash  should  immediately 
prompt  a  suspicion  for  N.  meningitidis  and  the 
possibility  of  meningococcemia.  An  additional 
nonspecific  clue  includes  the  presence  of  myal¬ 
gias  which  are  not  often  seen  with  pneumococcal 
meningitis  and  are  typically  more  severe  than  the 
myalgias  seen  with  influenza.  Neisseria  infec¬ 
tions  often  occur  in  outbreaks  in  the  late  winter 
and  can  present  similarly  to  the  flu  with  nonspe¬ 
cific  URI  symptoms  preceding  more  serious 
symptoms  which  can  develop  within  a  matter  of 
hours.  A  key  clinical  feature  to  be  aware  of  with 
meningococcal  infection  is  a  rash  which  can  be 
petechial  or  hemorrhagic  and  is  seen  in  about  half 
of  all  cases  [21].  This  rash  usually  is  more  promi¬ 
nent  in  the  trunk  and  lower  extremities  and  at 
sites  where  pressure  is  applied  to  the  skin  such  as 
belts  or  elastic  bands  [22].  Mucous  membranes 
of  the  soft  palate  and  eye  must  also  be  examined 
for  signs  of  hemorrhage.  The  lesions  are  usually 
1  to  2  mm  in  diameter  and  can  coalesce  into 
larger  patches.  The  severity  of  the  rash  is  directly 
proportional  to  the  overall  severity  of  illness 
including  the  presence  of  shock  and  disseminated 
intravascular  coagulation  (DIC).  The  devastating 
complication  of  purpura  fulminans  is  seen  in 
15-25%  cases  [23].  See  Fig.  36.3.  The  cascade 
of  organ  dysfunction  seen  in  meningococcemia  - 
coagulopathy,  DIC,  acute  respiratory  distress 
syndrome  (ARDS),  sepsis,  purpura  fulminans 
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and  adrenal  shock  (Waterhouse-Friderichsen 
syndrome)  are  initiated  in  large  part  by  the 
lipooligosaccharide,  a  potent  toxin  in  the  bacte¬ 
rial  meningococcal  membrane  [25]. 

A  key  management  principle  in  meningococ¬ 
cal  infections  is  the  prevention  of  spread  to  oth¬ 
ers.  Importantly,  droplet  precautions  should  be 
started  as  soon  as  possible  in  all  cases  of  com¬ 
munity  acquired  bacterial  meningitis  and  should 
be  continued  until  meningococcal  and/or  hae- 
mophilus  infection  has  been  ruled  out.  In  cases 
with  confirmed  meningococcal  infection  consid¬ 
eration  for  post-exposure  prophylaxis  should  be 
given  (see  evidence  contour  section). 

Evidence  Contour 
ICP  Management 

Elevations  in  intracranial  pressure  (ICP)  are  com¬ 
monly  seen  in  bacterial  meningitis  and  are  thought 
to  be  related  to  the  development  of  permanent  neu¬ 
rological  problems  such  as  deafness,  epilepsy  and 
poor  cognition  [26].  Reducing  infection-induced 
swelling  (vasogenic  edema)  is  a  goal  to  improve 
outcomes.  In  addition  to  antimicrobial  therapy, 
initial  medical  management  of  elevated  ICP  from 
meningitis  includes  general  measures  (1)  elevating 
head  of  bed  >30°  with  head  in  neutral  position  to 
avoid  jugular  vein  compression,  (2)  maintenance 
of  normothermia,  (3)  avoidance  of  hypotension/ 
hypovolemia  (4)  hyperventilation,  and  (5)  manni¬ 
tol  [26].  While  monitoring  of  ICP  is  not  standard 
of  care  in  bacterial  meningitis,  it  may  be  consid¬ 
ered  in  patients  with  a  GCS  <  8  and  the  gold  stan¬ 
dard  for  monitoring  ICP  involves  the  placement  of 
an  intraventicular  catheter.  Other  osmotic  thera¬ 
pies  such  as  the  use  of  glycerol  have  been  evalu¬ 
ated  for  ICP  management  in  bacterial  meningitis 
but  have  not  shown  benefit  in  adults  [27,  28]. 

Hypothermia 

Therapeutic  hypothermia  has  known  neuroprotec- 
tive  benefits  following  cardiac  arrest.  Hypothermia 
as  adjunctive  therapy  in  the  management  of 


bacterial  meningitis  has  yielded  inconsistent  and 
potentially  harmful  results  in  regard  to  both  mor¬ 
tality  and  neurologic  outcomes  [29,  30].  The 
exclusion  of  patients  who  received  dexamethasone 
in  some  of  the  studies  leads  to  an  unclear  conclu¬ 
sion  regarding  the  addition  of  therapeutic  hypo¬ 
thermia  in  bacterial  meningitis  patients  [29].  At 
this  time  we  do  not  recommend  therapeutic  hypo¬ 
thermia  in  the  setting  of  bacterial  meningitis. 

Gram-Negative  Bacilli  Meningitis 

Gram  negative  bacilli  (GNB)  meningitis  occurs 
most  frequently  in  neonates  and  infants,  however, 
there  are  two  additional  patterns  of  infection: 
nosocomial  GNB  meningitis  (in  the  setting  of 
head  trauma  or  neurosurgery)  and  spontaneous, 
community  acquired  GNB  meningitis,  (typically 
from  another  source  of  infection,  such  as  a  uri¬ 
nary  tract  infection).  The  incidence  of  nosoco¬ 
mial  GNB  meningitis  is  on  the  rise  secondary  to 
more  complex  neurosurgical  operations  and  rou¬ 
tine  prophylactic  antibiotics  given  to  prevent  sur¬ 
gical  site  infections  [31]. 

Patients  who  present  with  spontaneous  GNB 
meningitis  are  typically  elderly  or  have  co¬ 
morbidities  including  cancer,  diabetes,  cirrhosis, 
immunosuppression,  or  splenectomy  [32].  The 
most  common  pathogens  are  Escherichia  coli 
(38%)  and  Pseudomonas  species  [32].  GNB 
meningitis  presents  less  often  with  the  classic 
meningitis  triad  and  is  associated  with  more  neu¬ 
rological  and  systemic  complications  than  other 
causes  of  bacterial  meningitis  and  carries  a  higher 
mortality  rate  [32]. 

Shunts  and  Other  Intracranial 
Devices 

CSF  shunts  increase  a  patients  risk  for  bacterial 
meningitis.  Internalized  shunts  (draining  to  the 
peritoneum,  commonly  ventriculoperitoneal  or  VP 
shunt)  have  an  infection  rate  of  5-15%,  with  an 
infection  most  common  in  the  first  month  of  place¬ 
ment.  External  devices  such  as  a  ventriculostomy 
catheter  or  an  Ommaya  reservoir  (access  for 
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administration  of  chemotherapy  or  antibiotics) 
may  also  develop  infections  [33].  Clinical  presen¬ 
tation  may  be  subtle  and  result  from  obstruction  of 
the  shunt  with  symptoms  consistent  with  elevated 
intracranial  pressure  (headache,  nausea  and  vomit¬ 
ing,  somnolence  and  altered  mental  status).  In 
contrast  to  community  acquired  bacterial  meningi¬ 
tis,  nuchal  rigidity  tends  to  be  absent,  as  there  is  no 
communication  between  the  infected  ventricles 
and  the  meninges. 

Evaluation  still  requires  blood  cultures,  CSF 
cultures  and  imaging.  However,  interpretation  of 
the  CSF  is  more  complex  and  cannot  be  made  on 
a  single  parameter.  Repeated  positive  CSF  cul¬ 
tures  over  several  days  will  help  confirm  the 
diagnosis  [34].  Shunt  removal  is  indicated  to 
ensure  treatment  success  [9] . 

Post  Exposure  Prophylaxis 

Not  all  bacterial  meningitis  pathogens  require 
post  exposure  prophylaxis  for  contacts  to  mini¬ 
mize  spread,  however  both  Neisseria  meningiti¬ 
dis  and  Haemophilus  influenzae  do. 

Individuals  who  require  prophylaxis  for  men¬ 
ingitis  are  (1)  close  contacts  (household  mem¬ 
bers,  daycare  workers,  military),  (2)  travelers  in 
direct  contact  with  respiratory  secretions  or  close 
proximity  to  index  patient  for  >8  h  flight,  and  (3) 
individuals  in  close  contact  with  respiratory 
secretions  (including  kissing,  mouth  to  mouth 
resuscitation  and  endotracheal  intubation). 
Prophylaxis  should  occur  in  a  timely  manner, 
ideally  within  <24  h  of  exposure.  Prophylaxis 
should  be  given  to  appropriate  individuals  several 
days  after  exposure,  however  the  CDC  does  not 
recommend  prophylaxis  >14  days  after  exposure 
[35].  Eradication  of  nasopharyngeal  carriage  is 
performed  in  outbreak  settings  and  for  the  index 
patient  (if  they  did  not  receive  ceftriaxone),  prior 
to  discharge  to  prevent  further  transmission  [36]. 
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Case  Presentation 

A  67-y ear-old  female  with  a  history  of  uncon¬ 
trolled  hypertension  and  hyperlipidemia  presents 
after  sudden  onset  of  headache  followed  by  vom¬ 
iting  and  progressive  left  hemiparesis  over  2 
hours.  Vital  signs  were  notable  for  a  systolic 
blood  pressure  of  230  mmHg.  Laboratory  values 
upon  arrival,  including  coagulation  parameters 
and  toxicology  screen,  were  unrevealing.  CT 
head  imaging  was  performed  on  arrival  and  the 
pertinent  images  are  shown  below  (Fig.  37.1). 

Question  Would  early  surgical  intervention  be 
appropriate  in  the  initial  management  of  this 
patient? 

Answer  Certain  patients  may  benefit  from  early 
neurosurgical  intervention  in  the  setting  of  intra¬ 
cerebral  hemorrhage  [2] . 
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However,  the  International  Surgical  Trial  in 
Intracerebral  Haemorrahage  (STICH)  did  not 
demonstrate  improved  6-month  functional  out¬ 
come  or  mortality  with  the  early  evacuation  of 
supratentorial  hematomas  [3].  Furthermore, 
STICH  II  did  not  demonstrate  any  significant  dif¬ 
ference  in  combined  death  or  disability  in  patients 
undergoing  evacuation  of  supratentorial  hema¬ 
toma  volumes  of  10  to  100  cc  without  intraven¬ 
tricular  hemorrhage  (IVH)  when  compared  with 
the  maximal  medical  management  group  [4]. 
However,  patients  with  cerebellar  hemor¬ 
rhages  >3  cm  with  4th  ventricular  effacement 
and/or  hydrocephalus  should  undergo  urgent  sur¬ 
gical  intervention  given  elevated  morbidity  and 
mortality  with  conservative  management  in  this 
group  [2,  4,  5].  Younger  patients  with  rapid  neu¬ 
rological  decompensation  secondary  to  hema¬ 
toma  expansion,  or  with  underlying  lesions  such 
as  aneurysms,  AVMs  and  tumors  may  also  be 
surgical  candidates  [2,  4,  5].  The  Minimally 
Invasive  Surgery  Plus  Recombinant  Tissue-Type 
Plasminogen  Activator  for  Intracerebral 
Hemorrhage  Evacuation  II  (MISTIE  II)  trial 
demonstrated  a  reduction  in  perihematomal 
edema  and  a  trend  towards  improved  outcomes  in 
the  hematoma  evacuation  group  [6].  The  MISTIE 
III  trial  is  currently  in  progress.  Phase  3  of  Clot 
Lysis:  Evaluating  Accelerated  Resolution  of 
Intraventricular  Hemorrhage  (CLEAR  III)  IVH 
trial  is  a  randomized  control  study,  which  aims  to 
evaluate  clearance  of  clot  and  outcome  in  patients 
with  large  intraventricular  hemorrhage  receiving 
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Fig  .  37.1  Axial  CT  brain  demonstrating  right  putaminal  hemorrhage  (From  Brott  et  al.  [1].  Reprinted  with  permission 
from  Wolters  Kluwer  Health,  Inc.) 


scheduled  injections  of  rt-PA  through  EVD  [7]. 
Study  results  are  expected  in  the  near  future. 

This  patient’s  CT  scan  demonstrates  a  large 
right  basal  ganglia  hemorrhage  without  intraven- 
ticular  extension.  Current  guidelines  would  advo¬ 
cate  for  maximal  medical  management  [2,  5]. 


Principles  of  Management 
Clinical  Presentation 

The  onset  of  acute  severe  headache,  vomiting, 
seizure,  significant  hypertension 

(often  >220  mmHg),  and  rapid  deterioration  in 
consciousness  with  possible  accompanying 
pupillary  dilatation,  posturing  and  abnormal 
respiratory  pattern  should  provoke  a  high  suspi¬ 
cion  for  intracerebral  hemorrhage  (ICH)  [2] . 

Diagnosis 

The  rapid  onset  of  focal  neurological  symptoms 
warrants  brain  imaging  on  an  emergent  basis  [2, 
5].  CT  scans  provide  a  rapid  method  of  evaluat¬ 
ing  the  head  for  acute  pathology,  including  intra¬ 
cerebral  hemorrhage  (ICH).  Brain  CT  imaging 
in  the  latter  often  demonstrates  intra-axial,  focal 
area(s)  of  hyperdensity  with  mass  effect  and 
effacement  of  the  surrounding  parenchyma  [2]. 
Hemorrhage  location(s)  provide  clues  to  the  under¬ 
lying  pathology.  In  addition  to  trauma,  multiple 


etiologies  of  non-traumatic  ICH  exist,  and  include 
hypertension,  vascular  malformations,  trauma, 
cerebral  amyloid  angiopathy,  brain  neoplasm, 
infarction,  vasculitis,  illicit  drug-related,  bleed¬ 
ing  diathesis,  and  anticoagulation  [2,  5].  Hyper¬ 
tension  is  the  most  common  cause  of 
non-traumatic  ICH.  Typical  locations  suggestive 
of  a  hypertensive  bleed  include  the  basal  ganglia 
(most  commonly  putamen)  and  thalamus,  as 
well  as  the  pons  and  cerebellum  [2,5].  Hematoma 
volume  can  be  estimated  using  the  ABC/2 
method  (Fig.  37.2)  [9].  Large  hematoma  vol¬ 
umes  and  evidence  of  heterogeneous  attenuation 
are  predictive  of  subsequent  hematoma  expan¬ 
sion  [1,  2,  5,  10]. 

Acute  Management 

In  addition  to  emergent  brain  imaging,  initial 
laboratory  assessments  should  include  coagula¬ 
tion  parameters  and  toxicology  screen,  with  ele¬ 
vations  in  the  former  requiring  rapid  normalization 
with  appropriate  reversal  agents.  Contrast- 
enhanced  head  imaging,  often  CT  angiography, 
can  provide  additional  information  about  the 
presence  of  underlying  vascular  malformations, 
aneurysms,  as  well  as  the  presence  of  contrast 
extravasation  within  the  hematoma  [1,  10,  11]. 
The  latter  “spot  sign”  is  suggestive  of  active 
bleeding  and  predicts  hematoma  expansion,  as 
well  as  likely  higher  morbidity  and  mortality  [1, 
10,11].  Demchuk  et  al.  found  a  positive  predictive 
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Fig.  37.2  Example  of  ICH  calculation  using  ABC/2  for¬ 
mula.  (a)  Greatest  hemorrhage  diameter  by  CT.  (b) 
Diameter  90°  to  A.  (c)  The  approximate  number  of  CT 

value  of  61  %  for  hematoma  expansion  in  the 
presence  of  the  spot  sign  [10].  Exacerbating  fac¬ 
tors  for  expansion  also  include  antithrombotic 
and  anticoagulation  therapy,  as  well  as  persistent 
hypertension,  and  therefore  aggressive  manage¬ 
ment  with  anticoagulation  reversal  and  antihy¬ 
pertensive  therapy  is  warranted  [1,  2,  5,  10]. 

Serial  CT  head  imaging,  usually  within  4-6-h, 
is  critical  for  the  evaluation  of  hematoma  expan¬ 
sion  and  obstructive  hydrocephalus.  Brott  and 
Broderick  found  38%  of  hematomas  expand  by 
33  %  of  original  volume  or  at  least  6  cc  within 
24-h  of  symptom  onset,  with  most  reaching  sig¬ 
nificant  expansion  within  4  h  [1].  Intraventricular 
hemorrhage  is  a  risk  factor  for  development  of 
the  hydrocephalus  [12].  The  initial  presence  or 
subsequent  development  of  ventricular  system 
enlargement  warrants  rapid  neurosurgical  inter¬ 
vention  with  external  ventricular  drain  (EVD) 
placement  and  drainage  of  cerebral  spinal  fluid 
(CSF)  [2,  5,  12]. 


slices  with  hemorrhage  multiplied  by  slice  thickness 
(From  Beslow  et  al.  [8].  Reprinted  with  permission  from 
Wolters  Kluwer  Health,  Inc.) 

Airway  patency  should  be  monitored  care¬ 
fully.  Large  or  rapidly  expanding  hematomas, 
particularly  with  evidence  of  obstructive  hydro¬ 
cephalus,  often  result  in  depressed  mental  status 
and  compromised  airway  protection  [2]. 
Emergent  intubation  is  warranted  in  these  cir¬ 
cumstances  with  utilization  of  agents  such  as 
propofol  and  lidocaine  to  blunt  potential  intra¬ 
procedural  intracranial  pressure  crises  [2] . 

Brain  herniation  is  the  most  dreaded  outcome 
of  ICH,  leading  to  increased  morbidity  and  mor¬ 
tality,  particularly  in  the  absence  of  rapid  inter¬ 
vention  and  reversal.  Clinical  manifestations 
include  the  development  of  new  or  worsening 
neurological  deficits,  including  depressed  mental 
status  and  pupillary  abnormalities,  thus  mandat¬ 
ing  frequent  monitoring  of  the  patient’s  neuro¬ 
logical  exam  in  acute  setting  [2,  5].  Rapid 
intervention  is  critical  and  includes  elevating  the 
head  to  30°,  hyperventilation  (with  rapid 
sequence  intubation  in  the  setting  of  an  unsecured 
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airway),  and  administration  of  hyperosmolar 
therapy  [2,  5,  13].  Repeat  head  imaging  is  war¬ 
ranted  when  the  patient  is  stabilized  with  inser¬ 
tion  of  an  EVD  if  obstructive  hydrocephalus  is 
present  [1-5,  11].  Ultimately  the  patient  may 
require  decompressive  hemicraniectomy  to 
improve  odds  of  survival,  even  though  the  data 
for  functional  outcome  amelioration  amongst 
survivors  is  not  nearly  as  robust  as  for  large  hemi¬ 
spheric  ischemic  strokes  [2-6] . 

Natural  History 

The  ICH  score  is  a  risk  stratification  scale  using 
the  Glasgow  Coma  Score  (GCS),  age,  ICH  vol¬ 
ume,  infratentorial  location,  and  presence  of  IVH 
to  predict  30-day  mortality  (Table  37.1  and 
Fig.  37.3)  [14].  The  tissue  at  the  epicenter  of  the 
hematoma  undergoes  rapid  destruction  causing 
clinical  neurological  insult  and  is  unlikely  to  be 
salvaged  [15].  Hematoma  expansion  and  perihe- 
matomal  edema  can  worsen  mass  effect  and  may 
contribute  to  further  injury  and  higher  mortality. 
Edema  develops  early  after  ICH  and  peaks  up  to 
2  weeks  after  onset,  although  the  most  rapid 


Table  37.1  ICH  score  for  predicting  30-day  mortality 


Component 

ICH  score  points 

GCS 

3-4 

2 

5-12 

1 

13-15 

0 

ICH  volume  (mL) 

>30 

1 

<30 

0 

Intraventricular  hemorrhage 

Yes 

1 

No 

0 

Infratentorial  origin  of  ICH 

Yes 

1 

No 

0 

Age  (y) 

>80 

1 

<80 

0 

Total  ICH  score 

0-6 

From  Hemphill  et  al.  [14].  Reprinted  with  permission 
from  Wolters  Kluwer  Health,  Inc. 


increase  occurs  in  first  2  days  on  MRI  imaging 
[16].  The  degree  of  edema  is  predictive  of  poor 
outcome.  Secondary  injury  as  a  consequence  of 
blood-brain-barrier  damage,  inflammation,  and 
reticulocyte  lysis  can  further  worsen  injury  to  the 
surrounding  parenchyma  [15,  16]. 

Complications 

Damage  or  irritability  of  the  cerebral  cortex  in 
the  setting  of  ICH  can  manifest  as  seizures. 
Although  occasionally  a  presenting  symptom, 
seizures  can  develop  at  any  point  after  the  incit¬ 
ing  event  and  therefore  antiepileptic  drugs  are  a 
mainstay  in  the  initial  treatment  [2,  5,  17,  18]. 

ICP  can  be  measured  via  an  EVD  or  a  dedi¬ 
cated  ICP  monitor.  Persistent  ICP  elevations  can 
further  complicate  the  management  of  ICH,  often 
manifesting  as  herniation  events.  ICP  crises  are 
treated  algorithmically,  as  noted  above,  often 
beginning  with  raising  the  head  of  the  bed,  hyper¬ 
ventilation  with  a  goal  PC02  of  30-35,  and 
hyperosmolar  therapy  [2].  Additional  iatrogenic 
interventions  include  the  use  intravenous  agents 
to  drive  down  the  ICP,  such  as  propofol  and  pen¬ 
tobarbital,  as  well  as  systemic  body  temperature 
cooling  [2,  5]. 


Evidence  Contour 

Hyperosmolar  Therapy 

Urgent  intervention  is  warranted  in  the  setting  of 
increased  intracranial  pressure  as  assessed  by 
invasive  monitoring  techniques  or  changes  in  the 
neurological  examination,  such  as  the  rapid  devel¬ 
opment  of  pupillary  dilation  and  absent  reactivity. 
In  addition  to  head  elevation  and  hyperventila¬ 
tion,  hyperosmotic  agents  are  often  utilized  for 
rapid  ICP  reduction,  effectively  removing  free 
water  and  dehydrating  the  brain  parenchyma  [2,  5, 
13].  Mannitol  and  hypertonic  saline  are  two  com¬ 
monly  utilized  agents.  Mannitol,  typically  admin¬ 
istered  in  1  g  per  kilogram  boluses,  increases 
serum  osmolality  and  induces  an  osmotic  gradi¬ 
ent  between  the  serum  and  brain  parenchyma, 
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Fig.  37.3  ICH  score  and 
30-day  mortality  (From 
Hemphill  et  al.  [14]. 

Reprinted  with  permission 
from  Wolters  Kluwer 
Health,  Inc.)  30-day  *>G  - 


n=1 52 


resulting  in  osmotic  diuresis.  Despite  being  widely 
available  and  easily  administered  through  a 
peripheral  line,  caution  should  be  used  given  the 
potential  for  hypotension,  volume  depletion  and 
electrolyte  disturbances  [13].  Serum  osmolality 
>320-340  mOsm/kg  or  poor  renal  function  may 
be  limiting  factors.  Mannitol  can  cross  the  blood- 
brain-barrier  and  extravasate  into  the  damaged 
parenchyma  especially  given  the  lower  reflection 
coefficient  than  hypertonic  saline  (0.9  and  1.0, 
respectively),  posing  the  theoretical  risk  of 
“rebound”  elevations  in  ICP  secondary  to  a  rever¬ 
sal  of  the  osmotic  gradient  in  the  setting  of  recur¬ 
rent  use  [13]. 

Alternatively,  hypertonic  saline,  used  in  widely 
varying  volume  and  tonicity,  is  also  utilized  for 
urgent  ICP  reduction  [13].  The  mechanism  of 
action  is  similar  to  mannitol  although  without  the 
accompanying  diuresis  and  subsequent  hypovole¬ 
mia  [13].  Hypertonic  saline  is  less  likely  to  cross 
the  damaged  BBB  and  cause  worsening  mass 
effect  and  shift  with  recurrent  use.  Given  the  risk 
of  thrombophlebitis,  solutions  of  3%  or  greater 
should  be  administered  via  central  IV  access  [13]. 

Several  randomized  control  trials  evaluating 
various  etiologies  of  increased  ICP  have  com¬ 
pared  the  efficacy  of  hypertonic  saline  and 
mannitol,  with  a  meta-analysis  of  these  trials 
demonstrating  marginally  greater  efficacy  of 
hypertonic  saline  (16  %  more  likely  to  decrease 
ICP  <20  1  h  post  administration)  in  the  man¬ 
agement  of  elevated  ICP,  although  clinical 


2  3  4  5 

n-26  n— 32  n-27  n“32  n-29  n=6 

ICH  Score 

outcomes  were  not  measured  [13].  Current 
guidelines  advise  clinician  discretion  in  the  uti¬ 
lization  of  either  agent  and  do  not  recommend 
one  over  the  other  [5,  13]. 

Seizure  Prophylaxis 

Brain  injury  involving  the  cortex  increases  the 
risk  of  epileptogenic  activity.  The  incidence  of 
electrographic  seizures  may  be  as  high  as  nearly 
1/3  of  patients  with  ICH,  with  most  occurring 
within  24-h  of  the  inciting  event  [2,  5,  17,  18]. 
Vespa  et  al.  reported  a  relatively  high  frequency  of 
seizures  after  lobar  (28%)  and  deep  (21  %)  ICH 
[18].  Lobar  location  and  small  hematomas  may  be 
early  predictors  of  early  seizures.  Although  man¬ 
agement  often  involves  the  use  of  seizure  prophy¬ 
laxis,  current  guidelines  recommend  otherwise 
[5].  Furthermore  the  agent  of  choice  and  duration 
of  treatment  remain  areas  of  debate.  One  prospec¬ 
tive  review  found  phenytoin  to  be  associated  with 
a  higher  incidence  of  fever  and  worse  outcomes 
[17].  The  association  of  seizures  with  clinical  out¬ 
comes  remains  unclear,  however.  Alterations  in 
mental  status  incongruent  with  the  degree  of  cere¬ 
bral  injury  certainly  warrant  continuous  EEG 
monitoring  [2,  5, 18].  Seizures  should  be  managed 
with  anticonvulsant  therapy,  although  the  choice 
of  anticonvulsant  remains  debatable.  Prophylactic 
anti-epileptic  medication  is  not  recommended  by 
current  AHA  guidelines  [2,  5]. 


100  - 
80  - 


Overall  0  1 
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Hypothermia 

Fever  has  been  strongly  associated  with  poorer 
neurological  outcomes  in  patients  with  brain 
injury  [2,  5,  19,  20].  Investigation  into  tempera¬ 
ture  reduction  as  a  neuroprotective  treatment 
began  in  the  1950s  and  has  subsequently  been 
most  studied  in  the  context  of  traumatic  brain 
injury.  Multiple  studies  have  postulated  the  ben¬ 
eficial  effects  of  mild  to  moderate  hypothermia  to 
be  secondary  to  the  reduction  of  cerebral  metabo¬ 
lism  and  potential  reduction  of  ICP  and  CBF  [19, 
20].  The  attenuation  of  several  secondary  injury 
mechanisms,  including  free  radical  generation, 
excitotoxicity,  and  inflammation,  may  also  be 
contributory  [15,  19,  20].  However,  limiting  side 
effects  of  systemic  cooling  have  included  coagu¬ 
lopathy  and  cardiac  arrhythmias  [19,  20]. 
Furthermore,  an  optimal  method  of  cooling,  target 
core  temperature,  and  duration  of  cooling  has  not 
been  established  [19,  20]. 

In  comparison  to  standard  medical  or  surgical 
treatment,  hypothermia  has  not  been  shown  to 
improve  outcomes  in  patients  with  traumatic  brain 
injury.  The  National  Acute  Brain  Injury  Study: 
Hypothermia  II,  a  randomized  control  trial  com¬ 
paring  normothermia  and  hypothermia  in  patients 
with  traumatic  brain  injury,  did  not  demonstrate  a 
difference  in  functional  outcome  between  the  two 
groups  at  6-months  [20].  In  2015,  the  Hypothermia 
for  Intracranial  Hypertension  after  Traumatic 
Brain  Injury  study,  a  randomized  control  trial  of 
elevated  ICP  management  comparing  standard 
care  to  hypothermia  plus  standard  care,  did  not 
find  better  outcomes  in  the  hypothermia  group 
[19].  At  this  time,  ensuring  strict  normothermia 
remains  the  standard  in  this  patient  population  [5]. 

Hypertension  Management 

Elevated  blood  pressure,  defined  as  SBP>140 
mmHg,  is  present  in  approximately  75  %  of 
patients  with  acute  ICH.  Proposed  mechanisms 
include  stress  activation  of  neuro-endocrine  sys¬ 
tems  and  damage  to  central  autonomic  centers, 
including  the  insular  cortex.  Hypertension  is  a 
strong  predictor  of  early  mortality  in  ICH  [2,  5, 


21].  However,  the  intensity  of  blood  pressure 
control  in  this  setting  has  remained  a  topic  of 
debate.  Proponents  for  aggressive  control  cite 
hematomal  expansion,  early  neurological  deteri¬ 
oration  and  higher  mortality  as  the  basis  for  tar¬ 
geting  systolic  blood  pressures  of <140  mmHg. 
Conversely,  rapid  reduction  and  aggressive  tar¬ 
geting  of  blood  pressure  may  run  the  theoretical 
risk  of  perihematomal  and  perhaps  more  global 
ischemia  [21].  The  Intensive  Blood  Pressure 
Reduction  in  Acute  Cerebral  Hemorrhage  Trial  2 
(INTERACT2)  compared  early  intensive  blood 
pressure  lowering  with  SBP<140  mmHg  to  tar¬ 
get  SBP<180  mmHg  and  did  not  demonstrate 
any  significant  difference  in  death  or  major  dis¬ 
ability  at  90-days  between  groups,  but  did  dem¬ 
onstrate  better  90-day  modified  Rankin  scores 
[21].  Aggressive  blood  pressure  strategies  have 
not  been  found  to  reduce  hematoma  volumes  or 
perihematoma  cerebral  blood  flow  [21,  22]. 
Furthermore,  the  Intracerebral  Hemorrhage 
Acutely  Decreasing  Arterial  Pressure  Trial  (ICH- 
ADAPT)  study,  did  not  find  that  intensive  blood 
pressure  reduction  precipitated  perihematomal 
ischemia  [22].  The  results  of  the  Antihypertensive 
Treatment  of  Acute  Cerebral  Hemorrhage  II 
(ATACH  II)  trial,  which  will  randomize  partici¬ 
pants  to  target  blood  pressure  goals  of  SBP 
<140  mmHg  or  SBP<180  mmHg,  are  pending. 
Current  AHA  guidelines  suggest  that  early 
aggressive  blood  pressure  management  strategies 
with  target  SBP  <140  mmHg  appear  to  be  safe 
and  may  maximize  patient  outcomes,  especially 
in  patients  with  smaller  ICH  volumes  (<20  cc), 
admission  GCS  12-15,  and  initial  SBP  <220  [5]. 
In  others,  a  more  conservative  approach  may  be 
reasonable. 
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Case  Presentation 

A  35  year-old  woman  with  a  history  of  thyroid 
nodules,  thyroidectomy  and  migraines  presented 
with  a  feeling  of  chills  and  headaches  in  the  pri¬ 
mary  care  clinic  and  was  diagnosed  with  a  viral 
illness.  She  developed  a  fever  up  to  103  °F  and 
then  presented  to  the  emergency  department 
(ED)  where  she  received  antibiotics  and  under¬ 
went  a  Computed  Tomography  ( CT)  scan  of  the 
head  which  was  normal.  She  continued  to  have 
headaches  and  was  treated  with  antibiotics  for 
presumed  sinusitis.  She  then  progressed  to  leth¬ 
argy  and  developed  convulsions  that  were  wit¬ 
nessed  by  her  husband.  Initial  management 
included  ceftriaxone  and  acyclovir,  a  lumbar 
puncture  (LP)  and  a  magnetic  resonance  imaging 
(MRI)  of  the  brain  which  were  unremarkable. 
Herpes  simplex  virus  PCR  and  cerebrospinal 
fluid  ( CSF)  cultures  were  negative;  hence,  antibi¬ 
otics  and  acyclovir  were  discontinued.  She  was 
sent  home  after  3  days.  She  returned  24  h  after 
discharge  with  another  convulsive  episode  that 
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lasted  20  min  but  she  did  not  return  to  her  base¬ 
line  mental  status.  Continuous  electroencephalo¬ 
gram  (EEG)  was  ordered  and  19  subsequent 
electro  graphic  seizures  were  recorded,  four  of 
which  were  associated  with  clinical  generalized 
tonic-clonic  seizures  within  the  first  24  h. 
Figure  38.1  demonstrates  electro  graphic  status 
epilepticus  in  a  different  patient. 

Question  What  is  the  primary  goal  of  status  epi¬ 
lepticus  (SE)  management? 

Answer  Emergent  control  of  both  clinical  and 
electrographic  seizure  activity  with  simultaneous 
patient  stabilization  and  prompt  work  up  of 
etiology. 

The  primary  focus  of  SE  management  is  stop¬ 
ping  the  seizures,  clinical  and  electrographic 
(seen  only  on  EEG).  The  Neurocritical  Care 
Society  (NCS)  consensus  statement  defines  SE  as 
seizures  that  continue  for  more  than  5  min  or 
recurrent  seizure  activity  without  return  to  base¬ 
line  level  of  consciousness  between  seizures  [1]. 
The  patient’s  airway,  breathing  and  circulation 
should  be  assessed  initially  along  with  simultane¬ 
ous  administration  of  abortive  treatment  for 
SE.  Neurology  consult  must  be  initiated  at  the 
same  time  for  timely  identification  of  non- 
convulsive  SE  (NCSE),  SE  mimics  as  well  as 
guidance  on  further  management  should  abortive 
treatment  fail.  In  the  ED,  the  evaluation  of  sei¬ 
zures  usually  is  clinical,  unless  EEG  is  available. 
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Fig.  38.1  EEG  of  a  different  patient  showing  ongoing 
polymorphic,  rhythmic,  left-sided  spike,  polyspike  and 
slow  wave  activity,  waxing  and  waning  consistent  with 

The  patient's  convulsions  stopped;  however, 
she  was  confused,  able  to  follow  simple  com¬ 
mands  but  remained  lethargic,  secondary  to 
either  post-ictal  effect  of  seizures,  sedative  effect 
of  the  benzodiazepine  or  NCSE.  EEG  was  per¬ 
formed  when  she  was  admitted  to  the  ward,  which 
showed  multiple  electro  graphic  seizures  along 
with  recurrence  of  clinical  seizures.  She  was 
started  on  intravenous  (IV)  fosphenytoin. 
Phenytoin  peak  level  must  be  measured  2-4  h 
after  the  loading  dose  with  a  target  free  level  of 
1.5-2. 5.  An  additional  bolus  may  be  given.  As 
she  continued  to  have  electro  graphic  SE,  she  was 
started  on  IV  levetiracetam.  Valproic  acid  was 
avoided  due  to  competitive  plasma  protein  bind¬ 
ing  with  and  subsequent  decrease  in  protein 
binding  of  phenytoin.  IV  lacosamide  was  added 
the  following  day  due  to  continuation  of  SE.  She 
was  then  transferred  to  the  neurointensive  care 
unit  for  refractory  SE,  was  intubated  for  airway 
protection,  and  started  on  continuous  EEG  moni¬ 
toring  and  intravenous  midazolam  drip  to  achieve 
burst  suppression  pattern  of  2-3  bursts  per  10-s 


focal  status  epilepticus  (Figure  courtesy  of  Dr  Peter  W 
Kaplan,  Johns  Hopkins  University) 

page.  She  was  then  in  super-refractory  SE  (SRSE) 
and  was  transitioned  to  Pentobarbital  infusion 
titrated  to  burst  suppression  pattern  for  72  h  with 
concomitant  initiation  of  phenobarbital,  which 
was  titrated  up  to  a  level  of 200  pg/mL.  Ketogenic 
diet  and  other  anti- epileptic  drugs  (AEDs)  such 
as  clonazepam,  topamax  and  valproic  acid  were 
initiated  while  the  pentobarbital  infusion  was 
weaned  off. 

The  work-up  for  the  etiology  of  her  SRSE  was 
continued  simultaneously  during  the  titration  of 
her  AEDs.  Blood  chemistries,  CSE  studies,  viral 
PCRs  and  cultures,  CSE  and  serum  paraneoplas¬ 
tic  studies,  MRI  brain,  whole  body  CT  and  PET 
scan  survey  were  all  unrevealing.  Her  seizures 
are  presumed  to  be  likely  autoimmune  in  etiology 
and  she  received  a  trial  of  empiric  pulse  steroids 
(1  g  of  IV  methylprednisolone  sodium  succinate 
for  5  days)  followed  by  plasmapheresis  with 
improvement  in  electro  graphic  seizures.  However, 
the  patient  remained  comatose,  likely  due  to  the 
high  phenobarbital  levels.  Gradual  downtitra- 
tion  of  phenobarbital  resulted  in  improvement  in 
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mental  status  with  no  recurrence  of  seizures.  She 
was  ambulatory  but  required  some  assistance 
and  was  discharged  to  a  rehabilitation  facility 
after  52  days  of  hospitalization. 

Principles  of  Management 

Diagnosis  of  SE  and  Underlying 
Etiology 

SE  is  diagnosed  when  a  clinical  and/or  electro¬ 
graphic  seizure  lasts  more  than  5  min  or  two  or 
more  seizures  occur  without  return  to  baseline 
level  of  consciousness  [1-3].  SE  can  be  classified 
into  convulsive  (CSE)  or  nonconvulsive  (NCSE) 
status  epilepticus.  CSE  involves  visually  evident 
tonic,  tonic-clonic,  clonic  or  clonic  activity  of  one 
limb,  one  side  or  the  whole  body  with  or  without 
impairment  of  consciousness  [6].  NCSE  involves 
ongoing  electrographic  seizures  without  clinical 
convulsions  [1,  4].  Most  common  causes  of  SE 
include  subtherapeutic  AED  levels,  stroke  and 
remote  brain  injury/  congenital  malformations  [5]. 
The  initial  work-up  should  include  glucose,  com¬ 
plete  blood  count,  toxicology  testing,  liver  func¬ 
tion  tests,  basic  metabolic  panel,  urinalysis  and 
AED  levels  (if  applicable).  Brain  imaging,  usually 
a  CT  scan  of  the  head,  should  be  done  to  rule  out  a 
structural  lesion.  Magnetic  Resonance  Imaging 
(MRI)  of  the  brain  with  and  without  contrast  and 
lumbar  puncture  should  be  pursued  once  patient 
has  been  stabilized.  CSF  studies  should  include 
cell  count,  cytopathology,  gram  stain,  bacterial 
culture,  viral  titers,  HSV  PCR,  and  VDRL  testing. 
Additional  testing  such  as  paraneoplastic  or  auto¬ 
immune  panel,  fungal  and  mycobacterial  cultures 
can  be  sent  depending  on  exposure  and  history 
(Table  38.1).  An  emergent  EEG  should  be  per¬ 
formed,  especially  for  suspicion  of  NCSE, 
although  it  is  not  required  for  the  early  manage¬ 
ment  of  CSE  [4].  A  detailed  history  regarding  the 
side  and  location  of  seizure  onset,  eye  or  head 
deviation,  urinary  or  stool  incontinence,  recent 
sickness  or  behavioral  changes,  travel,  illicit  sub¬ 
stance  exposure,  head  trauma,  past  or  family  his¬ 
tory  of  seizures  must  be  elicited.  If  initial  work-up 
is  unrevealing,  then  additional  testing  to  evaluate 


Table  38.1  Cerebrospinal  fluid  studies  to  be  sent  for  sta¬ 
tus  epilepticus  work-up 


Basic 

Other 

infectious 

Paraneoplastic  or 

autoimmune 

anti-bodies 

Cell  count 

Fungal 

Anti-NMDA 

Differential 

culture 

Anti-VGKC 

count 

Acid  fast 

Anti-Hu 

Glucose 

bacillus  stain 

Anti-CRMP5 

Protein 

Acid  fast 

Anti-Ma2 

Gram  stain 

Viral  culture 

Bacterial 

culture 

VDRL 

HSV  PCR 

bacillus 

culture 

Anti-Ampiphysin 

for  occult  malignancy  must  be  pursued  as  SE  can 
often  be  a  presenting  feature  of  a  paraneoplastic  or 
autoimmune  condition.  In  spite  of  extensive  evalu¬ 
ation,  the  etiology  of  SE  is  often  not  found. 

Pharmacologic  Therapy  of  SE 

SE  is  a  neurologic  emergency.  The  primary  goal 
is  rapid  detection  and  early  termination.  The  sec¬ 
ondary  goal  is  to  achieve  therapeutic  level  of  an 
IV  medication  that  will  control  the  seizures  as 
soon  as  possible.  First  line  therapy  for  emergent 
SE  treatment  is  benzodiazepines  such  as  loraze- 
pam  and  diazepam  [6-8].  A  recent  randomized, 
controlled  trial  (RCT)  in  2011  showed  that  intra¬ 
muscular  (IM)  midazolam  had  a  higher  rate  of 
seizure  control  as  compared  to  IV  lorazepam 
when  used  in  the  prehospital  setting  [9],  which  is 
important  when  IV  access  is  unavailable.  If  the 
patient  is  still  convulsing  upon  arrival  in  the  ED, 
second-line  treatment  should  be  initiated  for  sei¬ 
zure  cessation  and  maintenance  of  antiepileptic 
action  [1,  4].  Second-line  therapy  includes  val¬ 
proate  sodium  [10],  fosphenytoin  [7],  phenobar- 
bital  and  levetiracetam.  IV  lacosamide  has  been 
increasingly  used  and  was  found  to  be  as  effec¬ 
tive  as  phenytoin  with  lesser  adverse  effects  [11]. 
Choice  of  agent  is  guided  by  patient  factors  such 
as  hemodynamic  stability,  drug-drug  interactions, 
side  effect  profile  and  prior  AED.  If  seizures  con¬ 
tinue,  another  second-line  medication  can  be 
considered;  however,  the  use  of  a  third-line  agent 
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Table  38.2  Medications  used  for  the  management  of  Status  epilepticus 


Medications 

Dosages 

Significant  adverse  effects 

Intermittent  dosing 

Diazepam 

L:  0.15  mg/kg  IV  up  to  10  mg/dose 
(max  rate  5  mg/min) 

IV  contains  propylene  glycol 

Lorazepam 

L:  0.1  mg/kg  IV  up  to  4  mg/dose 
(max  rate  2  mg/min) 

IV  contains  propylene  glycol 

Midazolam 

L:  0.2  mg/kg  IM  up  to  maximum  10  mg 

Respiratory  depression,  hypotension 

Fosphenytoin 

L:  20  mg  PE/kg  IV,  may  give  additional 

5  mg/kg  (max  rate  150  mg/min) 

M:  100  mg  Q8h  (goal  free  level  1. 0-2.0) 

Hypotension,  arrhythmias 

Lacosamide 

L: 200-400  mg  IV 

M:  100-200  mg  Q12h 

PR  prolongation,  hypotension 

Levetiracetam 

L:  1000-3000  mg  IV  (max  rate  2-5  mg/kg/min) 

M:  250-1500  mg  Q12h 

Phenobarbital 

L:  20  mg/kg  IV,  may  give  additional  5-10  mg/kg 
(max  rate  50-100  mg/min) 

M: 50-100  mg  Q8h 

Hypotension,  respiratory  depression 

Phenytoin 

L:  20  mg/kg,  may  give  additional  5-10  mg/kg, 

(max  rate  50  mg/min) 

Arrhythmias,  respiratory  depression, 
purple  glove  syndrome,  IV  contains 
propylene  glycol 

Topiramate 

L:  200-400  mg  NG/PO 

M:  300-1600  mg/day  PO  (divided  2-4  times 
daily) 

Metabolic  acidosis 

Valproate  sodium 

L:  20-40  mg/kg  IV,  may  give  additional  20  mg/kg 
(max  rate  3-6  mg/kg/min) 

M:  Up  to  60  mg/kg/day 

Hyperammonemia,  pancreatitis, 
thrombocytopenia,  hepatotoxicity 

Continuous  dosing 


Midazolam 

L:  0.2  mg/kg  (max  rate  2  mg/min) 

M:  0.05-2  mg/kg/h 

Respiratory  depression,  hypotension 

Pentobarbital 

L:  5-15  mg/kg  (max  rate  <50  mg/min) 

M:  0.5-5  mg/kg/h 

Hypotension,  respiratory  and  cardiac 
depression,  paralytic  ileus,  propylene 
glycol  toxicity 

Propofol 

L:  1-2  mg/kg 

M:  20-200  mcg/kg/min 

Respiratory  and  cardiac  depression, 
(Propofol  infusion  syndrome: 
rhabdomyolysis,  metabolic  acidosis, 
renal  failure) 

Thiopental 

L:  2-7  mg/kg  (max  rate  <50  mg/min) 

M:  0.5-5  mg/kg/h 

Hypotension,  respiratory  and  cardiac 
depression 

Adapted  from  Brophy  et  al.  [1],  with  permission  from  Springer  Science  +  Business  Media  LLC 
L  loading,  M  maintenance,  IM  intramuscular,  IV  intravenous,  PO  oral,  NG  nasogastric 


such  as  continuous  infusion  of  AEDs  and  IV 
anesthetics  is  strongly  recommended.  Table  38.2 
provides  a  list  of  medications  used  in  the  man¬ 
agement  of  SE. 

Refractory  SE  (RSE) 

RSE  has  been  defined  variably  as  SE  requiring 
general  anesthesia  [12],  persistent  SE  due  to 
failure  of  emergent  and  urgent  AED  to  control  SE 


[1],  or  the  failure  of  two  or  three  AEDs  [13-15] 
over  a  span  of  different  time  durations  [15-18].  I 
V  midazolam,  propofol,  pentobarbital  or  thiopen¬ 
tal  (not  available  in  the  US)  can  be  used  [19,  20]. 
Dosage  and  rate  of  infusion  are  titrated  to  achieve 
a  therapeutic  goal  of  either  suppression  of  sei¬ 
zures  or  burst  suppression  on  EEG.  If  a  patient  is 
on  anesthetic  therapy  for  24  h  and  SE  either  con¬ 
tinues,  recurs  or  recurs  as  the  anesthetic  is  weaned 
or  stopped,  the  condition  is  termed  malignant  or 
super- refractory  status  epilepticus  (SRSE). 
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Medications 


Medical  management 


in 

*-> 

(/> 

il 


Lorazepam 

4  mg  IV  push  over  2  min 

If  still  seizing  after  5  min,  repeat  once 
Consult  neurology 

If  no  IV  access:  diazepam  20 
mg  using  IV  solution  rectally 
or  midazolam  10  mg 
intranasal/buccal/IM  using  IV 
solution 

Consult  neurology 

i 

If  seizures  continue 

1 

Rapid  sequence  intubation  short-acting  paralytic 
(eg,  succinylcholine)and  avoiding  etomidate 

^  r 

■  ABC(airway,  breathing,  circulation) 

■  Obtain  IV  access 

■  Check  finger-stick  glucose 

-  Give  thiamine  100  mg  IV  once  prior  to  dextrose(may 
administer  as  vitamin  bag) 

-  Give  D50W  50  ml_  IV  if  low/unknown  glucose 

■  Continuous  monitoring:  02,HR,BP,EKG 

•  Obtain  laboratory  tests:  CBC,BMP,Ca,Mg,  PO, 
troponin,  LFT,  ABG,  AED  levels,  tox  screen(blood,  urine), 
HCG(females) 


c 

E 

o 

CO 


Midazolam 

Load  0.2  mg/kg  IV  push,  repeat  0. 2-0.4  mg/kg  every  5  min  until  seizures  stop 

(maximum  dose  of  2.0  mg/kg) 

Infusion:  initial  0.1  mg/kg/h;  maintenance  0.05-2.9  mg/kg/h 

and  simultaneous  fosphenytoin/phenytoin  or  valproate 

Fosphenytoin:  20  mg  PE/kg  IV,  may  give  at  slower  rate(50-150  mg/min).  If  still 
seizing,  give  additional  5  mg/kg  as  needed 

Valproate:  40  mg/kg  IV,  may  give  at  slower  rate(over  10-30  min).  If  still 
seizing,  give  additional  20  mg/kg  as  needed 

Alternative  Infusion:  Propofol 

Load  1-2  mg/kg  IV  push,  repeat  every  3-5  min  until  seizures  stop(maximum 

dose  of  1 0  mg/kg 

Infusion:  initial  33  pg/kg/min;  maintenance  17-250  pg/kg/min 


If  no  IV  access,  fosphenytoin  may  be 
administered  IM 

Continuous  infusions:  repeat  boluses  until  seizures 
stop;  for  breakthrough  seizures,  re-bolus  and 
increase  rate 

If  patient  cannot  be  intubated,  omit  midazolam 
and  propofol  infusions 

Any  medications  in  this  section  may  be  combined 


If  seizures  continue 


C 

E 

o 

CO 

Al 


Pentobarbital 

Load  5  mg/kg  IV  at  50  mg/min,  repeat 
until  seizures  stop 
Infusion:  initial  1  mg/kg/h; 
maintenance  0.5-10  mg/kg/h 


If  patient  is  still  seizing  after  30  min,  administer  at  least  1 
continuous  infusion  with  boluses  of  either  pentobarbital, 
propofol,  or  midazolam 

Perform  neuroimaging  when  convulsive  activity  is 
controlled 

Begin  continuous  EEG  if  patient  does  not  awaken  rapidly 
or  if  continuous  IV  treatment  is  used 


Treat  hypothermia 

Consider  lumbar  puncture  and/or  antibiotics  if  there  is 
clinical  suspicion  of  infection 


Fig.  38.2  Status  epilepticus  treatment  algorithm  from  Yale  University  showing  simultaneous  status  epilepticus  and 
medical  management  (With  permission:  Amber  Castle,  PharmD,  BCPS  Yale-New  Haven  Hospital,  New  Haven,  CT) 


There  are  no  RCTs  evaluating  the  management 
of  SRSE  [18].  An  example  of  an  algorithmic 
approach  to  SE  is  presented  in  Fig.  38.2  [4]. 

Medical  Management  of  SE 

Rapid  assessment  of  medical  stability  of  a  patient 
in  SE  is  important  to  prevent  complications  as 
pharmacologic  therapy  may  compromise  the  air¬ 
way  and  cause  cardiac  and  hemodynamic  abnor¬ 
malities.  Use  of  non-invasive  ventilation  during 
the  administration  of  first-line  therapy  can  be  pur¬ 
sued.  However,  intubation  and  mechanical  venti¬ 
lation  are  often  needed  once  second-  and  third-line 
therapies  are  instituted.  Frequent  monitoring  of 
vital  signs  is  mandatory  as  hypotension  and 
arrhythmias  are  common,  especially  with 


phenytoin  (infusion  rate-dependent)  and  lacos- 
amide.  Common  medical  issues  arising  during  the 
management  of  SE  are  presented  in  Table  38.3. 

Multidisciplinary  Care 

A  multidisciplinary  approach  to  the  management 
of  patients  with  SE  must  be  pursued  and  must 
involve  not  only  the  neurologist,  epileptologist, 
and  neurointensivist  but  also  include  the  nurses, 
respiratory  therapists,  pharmacists,  therapists, 
nutritionist  and  if  applicable,  neurosurgeons  and 
palliative  care  specialists.  The  prolonged  ICU  and 
hospital  stay  for  patients  with  SE  is  often  compli¬ 
cated  by  infections,  hemodynamic  instability, 
ventilator  dependence,  venous  thromboembolism, 
skin  ulcers,  malnutrition  and  delirium. 
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Table  38.3  Medical  issues  encountered  among  patients  with  status  epilepticus 


Systemic  complication 

Mechanism 

Management 

Acid-base  disorder3  b 

Respiratory  acidosis  from 
hypoventilation 

Metabolic  acidosis  from  recurrent 
muscular  contraction 

Close  monitoring 

Fluid  resuscitation  for  lactic 
acidosis 

Endotracheal  intubation  if  unable 
to  compensate  for  respiratory 
acidosis 

Pulmonaryab 

Hypoxia 

Atelectasis 

Pneumonia 

Pleural  effusions 

Aspiration,  obstruction,  apnea, 
mucus  plugging,  pulmonary 
edema 

Endotracheal  intubation  for 
airway  protection 

Bronchoscopy 

Thoracentesis 

Antibiotics 

Cardiac 

Stress  Cardiomyopathyabc 

Arrhythmias 

Sudden  catecholamine 
hyperactivity 

Electrolyte  imbalances 

Supportive  care,  hemodynamic 
monitoring,  vasopressors; 
typically  reversible. 

Electrolyte  replacement 

Serial  ECG,  troponin  monitoring 
and  echocardiogram 

Musculoskeletal  injuries 

Cervical  spine,  skull  and  extremity 
fractures 

Dislocations 

Tongue  lacerations 

Falls 

Violent  extremity  movements 

Surveillance  imaging 

High  index  of  suspicion 

Orthopedic  referral 

Drug  related 

See  medications  table 

Long-term  complications  of  prolonged 

ICU  stay  ab 

Thromboembolic  disease 

Recurrent  pneumonia,  atelectasis 
Ventilator-dependence  requiring 
tracheostomy 

Dysphagia  requiring  feeding  tube 
placement 

Health-care  associated  infections  such  as 
UTI,  Clostridium  difficile,  blood  stream 
infections 

Critical  illness  myopathy  and 
neuropathy 

Prolonged  immobilization  and 
sedation  causes  atelectasis, 
myopathy  and  neuropathy 

Prolonged  mechanical  ventilator 
use  can  cause  recurrent  pneumonia 
Prolonged  urinary  catheter  use  can 
cause  UTI 

Use  of  multiple  antibiotics  can 
contribute  to  development  of 
Clostridium  difficile  infection  and 
other  drug  resistant  bacteria 

Involvement  of  the  rehabilitation 
team  while  in  the  ICU 

Daily  SBT  (if  possible) 

Early  discontinuation  of  urinary 
catheters 

Rational  use  of  antibiotics 

ECG  electrocardiogram,  SBT  spontaneous  breathing  trials,  UTI  urinary  tract  infection 
aHocker  [37] 
bWij dicks  [38] 
cBeleour  et  al.  [39] 


Evidence  Contour 

Randomized  controlled  trials  are  lacking  to  sup¬ 
port  consensus  statements  or  guidelines  [1,  7,  9, 
21]  regarding  the  treatment  of  SE  including  newer 
AEDs  beyond  the  use  of  benzodiazepine  as  the 
first-line  therapy;  and  the  same  is  true  for  RSE 
and  SRSE.  Although  there  is  some  agreement 
among  experts  regarding  second-line  therapy, 


there  is  a  lack  of  consensus  regarding  subsequent 
management  options,  goals  of  treatment  and  the 
aggressiveness  in  management  of  NCSE. 

Goals  of  Treatment 

The  control  of  SE  is  based  on  cessation  of  clini¬ 
cal  as  well  as  electrographic  seizures,  which 
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requires  several  considerations.  The  goal  of 
therapy  can  be  cessation  of  electrographic  sei¬ 
zures,  burst-suppression  or  complete  background 
suppression  to  an  isoelectric  pattern.  There  is  no 
consensus  on  the  electrographic  end-point  to 
guide  addition  of  new  agents  and  titration  of 
medication  dosages.  In  a  systematic  review  com¬ 
paring  propofol,  midazolam  and  pentobarbital 
for  RSE,  patients  treated  with  EEG  background 
suppression  were  less  likely  to  have  breakthrough 
seizures  as  compared  to  patients  treated  with  sei¬ 
zure  suppression  goal  (4  vs  53  %;  p<  0.001)  [20]. 
However,  another  study  involving  47  patients  in 
RSE  did  not  show  any  difference  in  outcomes  in 
patients  achieving  burst-suppression  on  EEG  as 
compared  to  those  who  did  not  achieve  burst  sup¬ 
pression  [22]  .  There  is  also  lack  of  consensus  on 
the  intensity  and  duration  of  suppression.  Bursts 
of  less  than  1  s  with  a  suppression  period  of  10  s 
have  been  recommended;  however,  variable 
durations  of  bursts  and  suppressions  have  been 
tested,  with  some  advocating  isoelectric  EEG  as 
a  therapeutic  target  [23].  Intensivists  using 
anesthetics  or  barbiturates  often  maintain  burst 
suppression  for  24-48  h  before  attempting  to 
withdraw  the  anesthetic  agent.  Recurrence  of  sei¬ 
zures  during  the  withdrawal  of  an  agent  will 
prompt  uptitration  of  the  agent  as  well  as  addition 
of  newer  agents.  Withdrawal  of  anesthetic  agents 
should  be  done  with  EEG  monitoring  and  initia¬ 
tion  of  other  maintenance  AEDs. 

Non-convulsive  Status 
Epilepticus  (NCSE) 

NCSE  is  a  state  of  ongoing  or  intermittent  clini¬ 
cal  epileptic  activity  without  convulsions  for  at 
least  30  min,  with  electrographic  evidence  of  sei¬ 
zures  [24].  It  is  classified  into  absence  (general¬ 
ized)  and  focal  NCSE.  NCSE  constitutes  about 
20-25  %  of  SE  cases.  The  incidence  of  NCS  and 
NCSE  is  reported  to  be  8-56%  and  13-37%, 
respectively  [24-27]  in  patients  with  coma  or 
altered  mental  status.  NCSE  may  be  underre¬ 
ported  as  it  is  usually  diagnosed  with  EEG  that  is 
performed  in  the  setting  of  high  suspicion  for 
NCSE.  NCS  has  been  noted  in  48  %  of  patients 
after  termination  of  generalized  convulsive  SE 


[27],  22  %  with  severe  traumatic  brain  injury,  6  % 
with  ischemic  stroke,  28%  with  intracerebral 
hemorrhage,  and  17  %  with  CNS  infections  [26]. 

Patients  may  demonstrate  confusion  or  vary¬ 
ing  degrees  of  alteration  of  consciousness  and 
occasionally  be  noted  to  have  subtle  findings  of 
eyelid  blinking,  ocular  movements  or  facial 
twitching.  Diagnosis  of  NCSE  is  made  with  pro¬ 
longed  EEG  monitoring,  often  up  to  24-48  h. 
EEG  patterns  can  range  from  frequent  or  contin¬ 
uous,  focal  or  generalized  spike  and  wave  dis¬ 
charges,  periodic  lateralized  epileptiform 
discharges  (PLEDs),  bilateral  periodic  epilepti¬ 
form  discharges  (BIPEDs),  generalized  periodic 
epileptiform  discharges  (GPEDs),  or  triphasic 
waves  [28].  There  is  significant  controversy 
regarding  the  occurrence  of  neuronal  brain  dam¬ 
age  with  NCSE  [29,  30].  NCSE  may  be  associ¬ 
ated  with  neuronal  loss,  chronic  atrophy  and 
cognitive  and  behavioral  consequences,  although 
the  evidence  is  based  on  animal  studies  or  small 
case  series  [30].  Hence,  there  is  debate  about  the 
level  of  aggressiveness  in  treatment  of  NCSE  in 
comatose  patients.  Some  experts  recommend 
treating  NCSE  along  the  same  algorithm  as 
GCSE,  while  some  others  are  reluctant  to  advo¬ 
cate  for  intravenous  anesthetics  for  NCSE  alone, 
reserving  it  for  unusual  cases  [29,  31]. 

Mortality  rates  in  NCSE  range  from  18  to 
36%  [26,  32].  Death  is  usually  secondary  to 
underlying  etiology  and  acute  medical  complica¬ 
tions  and  rarely  due  to  NCSE  itself.  Prognosis  in 
NCSE  depends  on  the  etiology  of  the  SE,  compli¬ 
cations  of  treatment,  level  of  consciousness  and 
EEG  patterns  [31]. 

Other  Treatment  Options  in  SE 

There  are  several  novel  therapies  used  for  RSE 
and  SRSE  that  are  gaining  popularity  but  their 
use  is  not  guided  by  large  studies  or  randomized 
controlled  trials.  Therapies  aiming  a  variety  of 
treatment  targets  are  now  available  [1,  18]. 

Ketamine  is  an  intravenous  anesthetic  agent 
that  binds  to  GABA(A)  receptor  as  well  as  has 
antagonistic  action  at  the  N-methyl-D-aspartate 
receptor,  with  theoretical  neurotoxic  risk.  Inhaled 
anesthetics  such  as  isoflurane  and  desflurane  can 
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be  used  but  are  limited  by  their  complications  such 
as  hypotension,  infections,  paralytic  ileus  and 
deep  venous  thrombosis.  Corticosteroids  and 
immunotherapy  with  intravenous  immunoglobu¬ 
lins  and  plasmapheresis  are  being  increasingly 
used  based  on  the  rationale  of  an  occult  immuno¬ 
logical  disease  with  yet  unidentified  antibodies 
and  the  role  of  inflammation  in  epileptogenesis. 
Ketogenic  diet  is  gaining  popularity  in  SRSE  due 
to  anti-epileptic  as  well  as  possible  anti¬ 
inflammatory  actions.  It  alters  the  primary  cerebral 
energy  metabolism  from  glucose  to  ketones  and 
with  possibly  multiple  mechanisms  of  anti¬ 
epileptic  action  [32,  33].  Hypothermia  is  known  to 
reduce  cerebral  metabolic  rate,  oxygen  utilization, 
ATP  consumption,  glutaminergic  drive,  mitochon¬ 
drial  dysfunction,  calcium  overload,  free  radical 
production,  oxidative  stress,  permeability  of 
blood-brain  barrier  and  pro-inflammatory  reac¬ 
tions  [34].  Case  reports  have  attempted  to  achieve 
hypothermia  to  31-35  °C.  Complications  include 
acid-base  disturbances,  coagulation  disorders, 
disseminated  intravascular  coagulation,  thrombo¬ 
sis,  infection,  cardiac  arrhythmia,  bowel  ischemia 
and  paralytic  ileus.  Electroconvulsive  therapy  is  a 
form  of  cerebral  stimulation  that  increases  presyn- 
aptic  release  of  GABA  and  prolongs  the  refractory 
period  after  a  seizure  [35].  It  is  recommended  as  a 
daily  treatment  for  5-8  day  course.  Neurosurgical 
resection  of  the  culprit  lesion  that  is  well-defined 
on  radiologic  and  electrographic  monitoring  has 
been  attempted.  Other  options  such  as  corpus  cal- 
losotomy  and  multiple  subpial  transactions  have 
also  been  described.  Other  treatment  options  that 
have  been  explored  are  transcranial  magnetic  stim¬ 
ulation,  vagus  nerve  stimulator,  deep  brain  stimu¬ 
lation,  cerebrospinal  fluid  drainage,  intravenous 
magnesium  sulfate,  pyridoxine,  and  newer  AEDs 
such  as  lacosamide,  topiramate,  and  neurosteroid 
such  as  allopregnanolone  [36]. 


References 

1.  Brophy  G,  Bell  R,  Claassen  J,  Alldredge  B,  Bleck  T, 
Glauser  T  et  al.  Neurocritical  Care  Society  Status 
Epilepticus  Guideline  Writing  Committee.  Guidelines 
for  the  evaluation  and  management  of  status  epilepti¬ 
cus.  Neurocrit  Care.  2012;17:3-23. 


2.  Lowenstein  DH,  Bleck  T,  Macdonald  R.  It’s  time  to 
revise  the  definition  of  status  epilepticus.  Epilepsia. 
1999;40(i):  120-2. 

3.  Meierkord  H,  Boon  P,  Engelsen  B,  Gocke  K, 
Shorvon  S,  Tinuper  P,  et  al.  EFNS  guideline  on  the 
management  of  status  epilepticus  in  adults.  Eur 
J  Neurol.  2010;17:348-55. 

4.  Hirsch  L,  Gaspard  N.  Status  epilepticus.  Continuum. 
201 3;  19(3):767— 94. 

5.  DeLorenzo  RJ,  Hauser  WA,  Towne  AR,  Boggs  JG, 
Pellock  JM,  Penberthy  L,  et  al.  A  prospective,  population- 
based  epidemiologic  study  of  status  epilepticus  in 
Richmond,  Virginia.  Neurology.  1996;46:1029-35. 

6.  Leppik  IE,  Derivan  AT,  Homan  RW,  Walker  J, 
Ramsay  RE,  Patrick  B.  Double-blind  study  of  loraze- 
pam  and  diazepam  in  status  epilepticus.  JAMA. 
1983;249(ll):1452-4. 

7.  Treiman  DM,  Meyers  PD,  Walton  NY,  Collins  JF, 
Colling  C,  Rowan  AJ,  et  al.  A  comparison  of  four 
treatments  for  generalized  convulsive  status  epilepti¬ 
cus.  Veterans  Affairs  Status  Epilepticus  Cooperative 
Study  Group.  N  Engl  J  Med.  1998;339(12):792-8. 

8.  Alldredge  B,  Gelb  A,  Isaacs  SM,  Corry  M,  Allen  F, 
Urich  S,  et  al.  A  comparison  of  lorazepam,  diazepam, 
and  placebo  for  the  treatment  of  out-of-hospital  status 
epilepticus.  N  Engl  J  Med.  2001;345:631-7. 

9.  Silbergleit  R,  Durkalski  V,  Lowenstein  D,  Con  wit  R, 
Pancioli  A,  Palesch  Y  et  al;  NETT  Investigators. 
Intramuscular  versus  intravenous  therapy  for  prehos¬ 
pital  status  epilepticus.  N  Engl  J  Med.  2012;  366(7): 
591-600. 

10.  Agarwal  P,  Kumar  N,  Chandra  R,  Gupta  G,  Antony 
AR,  Garg  N.  Randomized  study  of  intravenous  val¬ 
proate  and  phenytoin  in  status  epilepticus.  Seizure. 
2007 ;  16(6):527-32. 

11.  Kellinghaus  C,  Berning  S,  Stogbauer  F.  Intravenous 
lacosamide  or  phenytoin  for  treatment  of  refractory  sta¬ 
tus  epilepticus.  Acta  Neurol  Scand.  2014;129(5):294-9. 

12.  Shorvon  S,  Ferlisi  M.  The  outcome  of  therapies  in 
refractory  and  super-refractory  convulsive  status  epi¬ 
lepticus  and  recommendations  for  therapy.  Brain. 
2012;135:2314-28. 

13.  Jagoda  A,  Riggio  S.  Refractory  status  epilepticus  in 
adults.  Ann  Emerg  Med.  1993;22:1337-48. 

14.  Bleck  T.  Advances  in  the  management  of  refractory 
status  epilepticus.  Crit  Care  Med.  1993;21:955-7. 

15.  Hanley  D,  Kross  J.  Use  of  Midazolam  in  the  treatment 
of  refractory  status  epilepticus.  Clin  Ther.  1998  ;20: 
1093-105. 

16.  Stecker  MM,  Kramer  TH,  Raps  EC,  O’Meeghan  R, 
Dulaney  E,  Skaar  DJ.  Treatment  of  refractory  status 
epilepticus  with  propofol.  Epilepsia.  1998;39:18-26. 

17.  Mayer  SA,  Claassen  J,  Lokin  J,  Mendelsohn  F,  Dennis 
LJ,  Fitzsimmons  BF.  Refractory  status  epilepticus: 
frequency,  risk  factors  and  impact  on  outcome.  Arch 
Neurol.  2002;59:205-10. 

18.  Shorvon  S,  Ferlisi  M.  The  treatment  of  super¬ 
refractory  status  epilepticus:  a  critical  review  of  avail¬ 
able  therapies  and  a  clinical  treatment  protocol.  Brain. 
2011;134:2802-18. 


38  Status  Epilepticus 


341 


19.  Prasad  A,  Worrall  B,  Bertram  E,  Bleck  T.  Propofol 
and  Midazolam  in  the  treatment  of  refractory  status 
epilepticus.  Epilepsia.  2001;42(3):380-6. 

20.  Claassen  J,  Hirsch  L,  Emerson  R,  Mayer  S.  Treatment 
of  refractory  status  epilepticus  with  pentobarbital,  pro¬ 
pofol,  or  midazolam:  a  systematic  review.  Epilepsia. 
2002;43(2):  146-53. 

21.  Huff  JS,  Melnick  E,  TOmaszewski  C,  Thiessen  M, 
Jagoda  A,  Fesmire  F.  Clinical  policy:  critical  issues  in 
the  evaluation  and  management  of  adult  patients  pre¬ 
senting  to  the  emergency  department  with  seizures. 
Ann  Emerg  Med.  2014;63:437-47. 

22.  Rossetti  AO,  Logroscino  G,  Bromheld  EB.  Refractory 
status  epilepticus:  effect  of  treatment  aggressiveness 
on  prognosis.  Arch  Neurol.  2005;62(11):  1698-702. 

23.  Mirsattari  SM,  Sharpe  MD,  Young  GB.  Treatment  of 
refractory  status  epilepticus  with  inhalational  anes¬ 
thetic  agents:  isoflurane  and  desflurane.  Arch  Neurol. 
2004;61(8):  1254-9. 

24.  Kaplan  PW.  The  clinical  features,  diagnosis,  and  prog¬ 
nosis  of  nonconvulsive  status  epilepticus.  Neurologist. 
2005;  1 1(6) :  348-61.  Review. 

25.  Bleck  TP.  Management  approaches  to  prolonged  sei¬ 
zures  and  status  epilepticus.  Epilepsia.  1999;40  Suppl 
l:S59-63;  discussion  S64-6. 

26.  Shneker  BF,  Fountain  NB.  Assessment  of  acute  mor¬ 
bidity  and  mortality  in  nonconvulsive  status  epilepti¬ 
cus.  Neurology.  2003  ;6 1(8):  1066-73. 

27.  Claassen  J,  Mayer  SA,  Kowalski  RG,  Emerson  RG, 
Hirsch  LJ.  Detection  of  electrographic  seizures  with 
continuous  EEG  monitoring  in  critically  ill  patients. 
Neurology.  2004;62(10):  1743-8. 

28.  Beniczky  S,  Hirsch  LJ,  Kaplan  PW,  Pressler  R,  Bauer 
G,  Aurlien  H  et  al.  Unified  EEG  terminology  and 


criteria  for  nonconvulsive  status  epilepticus.  Epilepsia. 
2013;54  Suppl  6:28-9. 

29.  Kaplan  PW.  Nonconvulsive  status  epilepticus. 
Neurology.  2003 ;61(8):  1035-6. 

30.  Wasterlain  CG,  Chen  JW.  Mechanistic  and  pharmaco¬ 
logic  aspects  of  status  epilepticus  and  its  treatment 
with  new  antiepileptic  drugs.  Epilepsia.  2008 ;49 
Suppl  9:63-73. 

31.  Maganti  R,  Gerber  P,  Drees  C,  Chung  S.  Nonconvulsive 
status  epilepticus.  Epilepsy  Behav.  2008;12(4):572-86. 

32.  Caraballo  RH,  Vining  E.  Ketogenic  diet.  HandbClin 
Neurol.  2012;108:783-93. 

33.  Thakur  K,  Probasco  J,  Hocker  S,  Roehl  K,  Henry  B, 
Kossoff  E,  et  al.  Ketogenic  diet  for  adults  in  super¬ 
refractory  status  epilepticus.  Neurology.  2014;82: 
665-70. 

34.  Corry  JJ,  Dhar  R,  Murphy  T,  Diringer  MN.  Hypothermia 
for  refracotyr  status  epilepticus.  Neurocrit  Care. 
2008;9:189-97. 

35.  Kamel  H,  Cornes  SB,  Hegde  M,  Hall  SE,  Josephson 
SA.  Electroconvulsive  therapy  for  refractory  status 
epilepticus:  a  case  series.  Neurocrit  Care.  2010;12: 
204-10. 

36.  Broomall  E,  Natale  JE,  Grimason  M,  Goldstein  J, 
Smith  CM,  Chang  C,  et  al.  Pediatric  super-refractory 
status  epilepticus  treated  with  allopregnanolone.  Ann 
Neurol.  2014;76(6):911-5. 

37.  Hocker  S.  Systemic  complications  of  status  epilepti¬ 
cus-  an  update.  Epilepsy  &  Behavior.  2015;49:83-7. 

38.  Wij dicks  E.  The  multifaceted  care  of  status  epilepti¬ 
cus.  Epilepsia.  2013;54  Suppl  6:61-3. 

39.  Belcour  D,  et  al.  Prevalence  and  risk  factors  of  stress 
cardiomyopathy  after  convulsive  status  epilepticus  in 
ICU  patients.  Crit  Care  Med.  2015;43(10):2164-70. 


Neuroleptic  Malignant  Syndrome 


39 


Kathryn  Rosenblatt 


Introduction 

Neuroleptic  malignant  syndrome  (NMS)  is  a  rare 
and  potentially  life-threatening  drug-induced 
neurologic  emergency  characterized  by  fever, 
muscle  rigidity,  altered  mental  status,  and  auto¬ 
nomic  dysfunction  [1].  NMS  is  believed  to  be  a 
result  of  dopamine  deficiency  from  excessive 
dopaminergic  blockade  by  antipsychotic  medica¬ 
tion  and  several  anti-emetics,  and  less  often  by 
withdrawal  of  dopamine  agonist  therapy  [2,  3]. 
Successful  treatment  requires  prompt  recogni¬ 
tion,  cessation  of  offending  agents,  aggressive 
supportive  care,  and  administration  of  certain 
pharmacotherapies  and  interventions,  such  as 
dantrolene,  bromocriptine  and  electroconvulsive 
therapy  (ECT).  While  NMS  is  easily  recognized 
in  its  severe  form,  early  identification  can  be 
challenging  because  it  is  heterogeneous  in  onset 
and  progression  and  several  medical  conditions 
exhibit  similar  symptoms  [4-8].  The  variability 
in  NMS  presentation  makes  controlled  trials  and 
collection  of  data  difficult,  and  consequently, 
many  aspects  remain  controversial,  including 
pathophysiological  mechanisms,  risk  factors, 
diagnostic  criteria,  prognosis  and  treatment  [9] . 
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Case  Presentation 

An  87-year-old  man  with  atrial  fibrillation  on 
rivaroxaban  (Xarelto)  and  mild  dementia  was 
admitted  from  the  medical-behavioral  unit  (MBU) 
to  the  intensive  care  unit  (ICU)  with  hypoxemia, 
fever  and  muscle  rigidity.  Six  days  prior,  he  pre¬ 
sented  to  the  emergency  department  (ED)  with  a 
scalp  hematoma  after  an  unwitnessed  fall  at  home. 
Physical  exam  in  the  ED  was  otherwise  normal 
and  computed  tomography  (CT)  scans  of  his  head 
and  cervical  spine  were  negative  for  acute  injury 
or  pathological  process.  An  episode  of  agitation  in 
the  ED  was  treated  a  5  mg  intramuscular  (IM) 
injection  of  haloperidol  and  the  patient  was  admit¬ 
ted  for  observation.  Of  note,  the  patient’s  wife 
reported  an  acceleration  in  his  dementia  over  the 
past  few  months  and  he  was  recently  made  DNR/ 
DNI;  he  has  been  increasingly  confused,  with  epi¬ 
sodes  of  agitated  behavior  mostly  at  night,  with 
restless  legs  while  sleeping  and  periodic  falls  out 
of  bed.  The  day  after  admission,  the  patient  was 
appropriate  and  cooperative  but  in  the  evening,  he 
became  acutely  agitated,  confused  and  combat¬ 
ive,  grabbing  and  hitting  staff.  He  ripped  out  his 
intravenous  catheter  and  haloperidol,  3  mg,  was 
again  administered  intramuscularly.  The  follow¬ 
ing  day,  the  patient  was  admitted  to  the  MBU 
under  the  care  of  a  geriatric  psychiatrist.  He 
exhibited  impulsive  behavior  and  confusion  with 
periods  of  restlessness  and  fidgety  movements.  At 
times,  he  was  combative,  requiring  quetiapine 
(Seroquel)  12.5  mg  every  6  h  and  olanzapine 
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(Zyprexa)  1.25  mg  IM  daily  over  the  course  of 
three  days.  On  the  morning  of  the  sixth  day  after 
his  fall,  the  patient  was  noted  to  have  poor  appe¬ 
tite  and  was  less  interactive  than  previously.  He 
appeared  withdrawn  and  was  not  responding  to 
verbal  cues  over  the  course  of  the  day.  In  the  after¬ 
noon  he  was  noted  to  have  increasing  tremor  in 
his  arms  and  legs  and  diffuse  muscle  rigidity  with 
new-onset  coughing  spasms.  His  blood  pressure 
(BP)  was  122/95  but  his  previously  rate-con¬ 
trolled  atrial  fibrillation  was  now  171  beats  per 
minute  (bpm).  His  respirations  at  20  breaths  per 
minute  were  associated  with  a  gurgling  noise  and 
his  oxygen  (02)  saturation  was  86  %  on  room  air. 
His  axillary  temperature  was  98.9  °F.  Repeat  vital 
signs  on  2  1  per  minute  of  02  by  nasal  cannula 
improved  saturation  to  90-92%,  but  BP  had 
decreased  to  82/33,  and  his  temperature  measured 
rectally  was  103.2  °F.  The  patient  was  placed  on  a 
non-rebreather  (NRB)  face  mask  and  transferred 
to  the  ICU.  In  the  ICU,  the  patient  was  nonverbal, 
febrile  to  104.1  °F  and  displayed  lead-pipe  rigid¬ 
ity.  He  remained  with  an  02  saturation  above  95  % 
on  NRB.  Repeat  CT  head  showed  no  new  bleed  or 
other  intracranial  process.  A  cooling  blanket  and 
ice  packs  were  applied  and  4  1  of  normal  saline 
were  given  for  hypotension  and  decreased  urine 
output.  Laboratory  studies  were  remarkable  for  a 
white  blood  cell  count  of  9.2  x  103  pL,  with  90% 
neutrophils  and  creatine  kinase  (CK)  level  of 
1273  U/L  (Normal,  35-232  U/L).  Urinalysis, 
electrolytes,  thyroid  function  tests,  liver  enzymes 
and  coagulation  studies  were  normal.  A  lumbar 
puncture  was  performed  with  a  normal  CSF  pro¬ 
file  and  all  cultures  and  serologies  were  negative. 
EEG  was  within  broad  limits  of  normal. 

Question  How  do  you  make  this  diagnosis? 

Answer  By  exclusion.  Neuroleptic  Malignant 
Syndrome  is  diagnosed  by  eliminating  other 
potential  causal  explanations  for  the  typical  clini¬ 
cal  findings 

After  the  exclusion  of  CNS  infection,  cere¬ 
brovascular  abnormality,  status  epilepticus,  and 
systemic  conditions,  a  diagnosis  of  neuroleptic 
malignant  syndrome  (NMS)  was  made  based  on 


altered  mental  status,  muscle  rigidity,  hyperther¬ 
mia,  hemodynamic  instability  and  elevated  cre¬ 
atine  kinase  in  the  setting  of  recent  exposure  to 
haloperidol,  quetiapine  and  olanzapine.  All  anti- 
psychotics  were  stopped.  Benzodiazepines  were 
considered  to  control  the  rigidity  but  were 
avoided  given  concerns  for  respiratory  failure  in 
this  DNI  patient.  A  nasogastric  tube  was  inserted 
and  the  patient  was  given  bromocriptine  2.5  mg 
every  six  hours.  Strict  volume  status  assessments 
and  serial  electrolyte  and  renal  function  labora¬ 
tory  testing  were  performed  to  guide  IV  hydra¬ 
tion  for  a  goal  of  euvolemia.  Heart  rate 
improved  to  the  low  90s  with  fluid  administra¬ 
tion.  Piperacillin/tazobactam  was  given  for  3 
days  but  was  stopped  once  cultures  were  final¬ 
ized.  After  four  doses,  bromocriptine  was 
increased  to  5  mg  every  6  h.  The  patient’s  symp¬ 
toms  slowly  improved  over  the  following  week, 
with  rigidity,  hyperthermia  and  autonomic  dys¬ 
function  resolving  before  his  mental  status 
returned  to  baseline. 

Principles  of  Management 
Diagnosis 

In  2011,  an  international  multispecialty  expert 
panel  published  consensus  recommendations  for 
diagnostic  criteria  of  NMS  using  a  set  of  quantita¬ 
tive  critical  values  and  priority-scored  clinical  fea¬ 
tures  [10].  While  this  criteria  system  has  yet  to  be 
independently  validated,  it  may  help  guide  diagno¬ 
sis.  Clinical  features  were  given  a  priority  score  by 
the  panel  for  their  relative  importance  in  contribut¬ 
ing  to  the  diagnosis.  The  following  features  are 
listed  in  order  of  higher  to  lower  scored  values: 
recent  dopamine  antagonist  exposure,  or  dopamine 
agonist  withdrawal;  hyperthermia;  rigidity;  mental 
status  alteration;  CK  elevation;  sympathetic 
nervous  system  lability;  tachycardia  plus  tachy¬ 
pnea;  and  a  negative  work-up  for  other  causes.  The 
critical  values  were  defined  as  hyperther¬ 
mia  >  100.4  °F  or >3 8.0  °C  on  at  least  2  occasions, 
CK  level  at  least  4  times  the  upper  limit  of  normal, 
blood  pressure  elevation  of  >25  %  above  baseline, 
blood  pressure  fluctuation  >  20  mmHg  diastolic 
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or  >25  mmHg  systolic  change  within  24  h;  tachy¬ 
cardia  >  25  %  above  baseline,  and  tachypnea  >  50  % 
above  baseline. 

This  distinct  set  of  clinical  features  and  labo¬ 
ratory  abnormalities  are  all  highly  associated 
with  NMS  yet  no  single  test  is  specific  to  the 
diagnosis.  A  workup  to  rule  out  other  serious 
neurological  or  medical  conditions,  including 
central  nervous  system  (CNS)  infections,  toxic  or 
metabolic  etiologies,  inflammatory  or  autoim¬ 
mune  conditions,  status  epilepticus  and  systemic 
conditions  is  an  essential  first  step.  The  diagnosis 
of  NMS  is  subsequently  made  based  on  positive 
clinical  and  laboratory  findings  after  the  exclu¬ 
sion  of  alternative  causes  [10].  In  a  clinical 
review  of  153  published  case  reports  of  NMS, 
mental  status  change  or  muscle  rigidity  was  the 
initial  manifestation  in  82.3%  of  cases  [11]. 
These  early  symptoms  should  prompt  brain 
imaging  studies  and  lumbar  puncture  to  exclude 
intracranial  pathology  such  as  subarachnoid 
hemorrhage  (SAH)  and  CNS  infection  [12],  and 
electroencephalography  can  rule  out  status  epi¬ 
lepticus.  However,  it  may  be  difficult  to  distin¬ 
guish  NMS  from  other  medication-induced 
movement  disorders,  toxin-induced  hyperther¬ 
mias  and  acute  dysautonomias  such  as  serotonin 
syndrome  (SS),  malignant  hyperthermia  (MH), 
malignant  catatonia,  and  central  anticholinergic 
syndrome  (CAS). 

Medication  History  and  Temporal 
Clues 

The  patient’s  medication  history  along  with  the 
temporal  progression  of  signs  and  symptoms  pro¬ 
vide  the  most  valuable  clues  to  diagnosis 
(Table  39.1).  Most  cases  of  NMS  present  gradu¬ 
ally  within  the  first  week  of  drug  administration, 
and  all  usually  within  30  days  [13].  In  contrast, 
malignant  hyperthermia,  anticholinergic  syn¬ 
drome  and  serotonin  toxicity  tend  to  present  rap¬ 
idly  after  exposure  to  causative  agents  [14,  15]. 
Nearly  all  dopamine  antagonists  have  been 
implicated  in  NMS.  Withdrawal  of  dopamine  ago¬ 
nists  has  also  been  associated  with  a  less  severe 
form.  Conventional,  “typical,”  or  first-generation 


antipsychotic  (FGA)  agents  pose  greater  risk  than 
newer  “atypical”  or  second-generation  antipsy¬ 
chotic  (SGA)  drugs  and  certain  antiemetic 
medications  [6,  16-22].  NMS  occurs  within  the 
therapeutic  dosage  range  of  antipsychotics  and  is 
not  a  dose-dependent  phenomenon.  Though  recent 
or  rapid  dose  escalation,  higher  doses,  parenteral 
administration  and  a  switch  from  one  agent  to 
another  have  been  implicated  as  risk  factors  in 
case-control  studies  [5,  23-27].  Additional  factors 
associated  with  a  heightened  risk  of  neuroleptic 
malignant  syndrome  include  exhaustion,  dehydra¬ 
tion,  and  iron  deficiency  [24,  27,  28]. 

Drugs  with  anticholinergic  activity,  such  as 
tricyclic  antidepressants,  antihistamines,  pheno- 
thiazines,  and  antiparkinson  agents  can  cause 
fever  by  disturbing  central  hypothalamic  func¬ 
tion  and  decreasing  peripheral  heat  dissipation 
[29-32].  Marked  hyperthermia  and  CAS  can 
occur  when  these  drugs  are  taken  in  combination. 
Anticholinergic  medications  are  a  common  treat¬ 
ment  for  FGA  extrapyramidal  side  effects;  distin¬ 
guishing  between  NMS  and  CAS  by  medication 
history  can  be  difficult  in  these  patients.  Direct  or 
indirect  serotonin  agonists  lead  to  SS  and  diagno¬ 
sis  of  NMS  may  be  also  be  challenging  in  patients 
taking  both  serotonergic  and  neuroleptic  agents 
[33].  On  the  other  hand,  exposure  history  is  help¬ 
ful  in  distinguishing  between  NMS  and  MH,  a 
hypermetabolic  crisis  that  occurs  when  a 
MH- susceptible  individual  is  administered  potent 
halogenated  inhalational  anesthetics  or  succinyl- 
choline.  When  the  history  uncovers  several  pos¬ 
sible  offending  drugs  from  multiple  categories  or 
in  the  absence  of  a  reliable  history,  a  detailed 
examination  of  clinical  features  can  also  be  use¬ 
ful  in  differentiating  among  disorders  [34] 
(Table  39.1). 

The  Clinical  Tetrad  of  NMS:  Clues 
to  Diagnosis  and  Management 
Concerns 

A  review  of  222  published  cases  revealed  a  com¬ 
mon  sequence  of  symptom  development  in 
70.5  %  of  NMS  patients,  beginning  with  mental 
status  changes,  followed  by  muscle  rigidity,  then 
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D2  dopamine  type-2  receptor,  AD  autosomal  dominant,  Ca+  calcium,  SR  sarcoplasmic  reticulum,  ATP  adenosine  triphosphate,  EPS  extrapyramidal  signs,  FGA  first-generation 
antipsychotic,  SGA  second-generation  antipsychotic,  MAOI  monoamine  oxidase  inhibitor,  SSRI  selective  serotonin  reuptake  inhibitor,  TCA  tricyclic  antidepressant,  ECT  electro¬ 
convulsive  therapy 
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hyperthermia,  and  finally  autonomic  dysfunction 
[11].  Appearance  of  any  of  these  four  cardinal 
signs  should  prompt  early  initiation  of  supportive 
care  with  a  low  threshold  for  suspicion  since 
NMS  complications  are  severe  and  occur  fre¬ 
quently.  A  recent  analysis  of  the  nationwide  inpa¬ 
tient  sample  (NIS)  database  was  performed, 
identifying  rates  of  complications,  mortality,  and 
outcomes  in  1346  patients  with  NMS  from  2002 
to  2011  [35].  In-hospital  death  occurred  in  75 
(5.6  %)  patients  and  the  most  prevalent  complica¬ 
tion  was  rhabdomyolysis  (30.1%).  Universal 
management  of  NMS  includes  immediate  discon¬ 
tinuation  of  the  offending  drug,  or  reinstitution  in 
the  case  of  abrupt  discontinuation  of  dopaminer¬ 
gic  therapy,  correction  of  dehydration  and  electro¬ 
lyte  imbalance,  controlling  the  hyperthermia  and 
rigidity,  and  preventing  complications.  The  need 
for  monitoring  in  an  intensive  care  unit  with 
expert  and  robust  supportive  care  is  undisputed. 

Hyperthermia 

Abrupt  reduction  in  dopaminergic  transmission 
in  the  hypothalamus  alters  the  core  temperature 
set  point,  leading  to  impaired  thermoregulation 
in  NMS  [36].  Blockade  of  dopamine  receptors  in 
the  corpus  striatum  causes  muscular  rigidity  and 
secondary  heat  production.  While  fever  is  a 
defining  symptom  in  NMS,  many  conditions  in 
critically  ill  patients  result  in  inflammation,  tis¬ 
sue  injury  and  a  febrile  reaction  and  it  may  be 
difficult  to  determine  the  etiology  of  a  fever 
early  in  the  clinical  course.  Leukocytosis,  rang¬ 
ing  from  10,000  to  40,000/pL,  with  or  without  a 
“left  shift”  is  a  consistent  laboratory  finding  in 
NMS  [37].  Obtaining  appropriate  cultures 
should  not  be  avoided  although  approximately 
half  of  febrile  patients  in  the  intensive  care  unit 
(ICU)  will  have  a  non-infectious  cause  of  fever, 
with  most  no  greater  than  38.9  °C  (102  °F)  [38]. 
A  fever  in  excess  of  38.9  °C  (102  °F)  is  usually 
of  an  infectious  etiology,  though  a  transfusion 
reaction  or  a  drug  fever  may  also  trigger  tem¬ 
peratures  exceeding  102  °F  [39].  In  patients  with 
a  temperature  greater  than  104  °F,  however, 
NMS,  SS,  MH  and  SAH  should  always  be  con¬ 


sidered.  Hyperthermia  should  be  aggressively 
treated  with  cooling  blankets,  ice  packs  and  fans. 
The  role  of  NSAIDs  and  acetaminophen  in 
toxin-induced  hyperthermia  is  not  established 
but  antipyretic  agents  can  be  helpful  if  an  infec¬ 
tion  is  a  comorbid  factor. 

Altered  Mental  Status 

A  reduced  or  fluctuating  level  of  consciousness 
typically  precedes  systemic  signs  in  patients  with 
NMS  [11]  but  the  onset  of  symptoms  may  be 
underappreciated  given  the  psychiatric  comorbid¬ 
ity  of  susceptible  patients.  Altered  mental  status  is 
multifactorial  and  may  reflect  hypothalamic  and 
spinal  dopamine  receptor  antagonism,  hyperther¬ 
mia  effects  on  the  CNS,  or  direct  effects  of  other 
drugs  [40].  Individuals  may  appear  alert  but  dazed 
and  unresponsive.  Catatonic  signs  and  mutism  can 
be  prominent  and  patients  may  evolve  into  pro¬ 
found  encephalopathy  and  eventual  coma  [41]. 
Malignant  or  lethal  catatonia,  a  condition  similar 
to  NMS  that  some  argue  is  on  the  same  spectrum 
[42],  can  be  distinguished  by  a  several- week  pro¬ 
drome  of  psychosis,  agitation,  and  catatonic 
excitement  [43,  44].  Hyperactivity  and  agitation 
are  common  to  SS  and  CAS,  in  contrast  to  the 
catatonic  stupor  more  prevalent  in  NMS  [12]. 

Muscular  Rigidity 

Interference  with  nigrostriatal  dopamine  path¬ 
ways  contributes  to  muscle  rigidity  and  tremor  in 
NMS,  classically  characterized  by  “lead  pipe 
rigidity”  or  stable  resistance  through  all  ranges  of 
motion  when  passively  moving  the  extremities  [1, 
2,  45,  46].  The  motor  symptoms  of  malignant 
catatonia  display  more  positive  phenomena  (dys- 
tonic  posturing  and  stereotyped  repetitive  move¬ 
ments)  than  what  is  seen  in  NMS  while  the 
presence  of  myoclonus,  ataxia,  shivering  and 
hyperreflexia  is  more  indicative  of  serotonin  syn¬ 
drome  [33,  47]  (Table  39.1).  Patients  with 
anticholinergic  syndrome  have  few  muscular 
abnormalities  because  skeletal  muscle  contraction 
is  effected  by  nicotinic  rather  than  muscarinic 
transmission.  The  muscle  rigidity  seen  in  malig¬ 
nant  hyperthermia,  however,  is  quite  similar  to 
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NMS  and  must  be  distinguished  by  the  clinical 
setting.  Tremor  is  often  associated  with  NMS, 
and  dystonia,  trismus,  chorea,  opisthotonus,  and 
other  dyskinesias  are  present  less  commonly  [5, 
48].  Patients  can  also  have  prominent  dysarthria, 
sialorrhea,  and  dysphagia  and  prophylactic  intu¬ 
bation  may  be  required.  Acute  respiratory  failure 
was  the  strongest  independent  predictor  of  mor¬ 
tality  (p<  0.001)  in  the  NIS  database  analysis 
[35].  Creatine  kinase  concentration  may  be  ele¬ 
vated  before  the  onset  of  muscle  rigidity  and 
higher  levels  are  consistent  with  a  poor  prognosis 
[48-50].  Muscle  damage  and  necrosis  from  the 
metabolic  inequality  between  energy  consump¬ 
tion  and  production  can  progress  quickly  to  rhab- 
domyolysis,  with  associated  hyperkalemia, 
hyperphosphatemia,  hyperuricemia,  hypocalce¬ 
mia  and  lactemia.  Aggressive  fluid  resuscitation 
to  maintain  adequate  urine  output  is  imperative  in 
preventing  progression  to  acute  myoglobinuric 
renal  failure,  compartment  syndrome,  cardiac 
dysrhythmias  from  electrolyte  abnormalities,  and 
disseminated  intravascular  coagulopathy  [51,  52]. 
Sodium  bicarbonate  to  alkalinize  the  urine  and 
prevent  breakdown  of  myoglobin  into  nephro¬ 
toxic  metabolites  is  often  used  though  it  has  not 
been  shown  to  be  superior  to  saline  alone,  and 
bicarbonate  may  worsen  hypocalcemia  [51]. 

Autonomic  Dysfunction 

Dysautonomia  in  NMS  is  likely  due  to  hypotha¬ 
lamic  dopamine  type-2  (D2)  receptor  blockade. 
Removal  of  normal  dopamine  regulation  of  effer¬ 
ent  sympathetic  activity  leads  to  autonomic  acti¬ 
vation  while  unregulated  vasomotor  and 
sudomotor  activity  causes  labile  blood  pressure 
and  heart  rate  [53].  Early  clues  of  autonomic 
instability  are  urinary  incontinence,  pallor  and 
profuse  diaphoresis,  with  increased  “insensible 
fluid  losses.”  Hypotension  should  be  treated  with 
generous  isotonic  crystalloid  administration  but 
vasopressors,  antiarrhythmic  agents  or  pacing 
may  be  required.  Respiratory  distress  and  tachy¬ 
pnea  are  common  and  result  from  hypermetabo¬ 
lism  and  subsequent  metabolic  acidosis.  Chest 
wall  restriction,  autonomic  dysfunction  with  loss 


of  protective  airway  reflexes  and  aspiration  pneu¬ 
monia  can  lead  to  respiratory  failure. 

Evidence  Contour 

Treatment  of  NMS  with  pharmacological  agents 
and  electroconvulsive  therapy  (ECT)  is  controver¬ 
sial  and  large  clinical  trials  investigating  specific 
therapies  are  lacking.  Recommendations  for  the 
use  of  single-  or  combination-therapy  consisting 
of  benzodiazepines,  dantrolene,  bromocriptine, 
amantadine  and  ECT  are  based  upon  case  reports 
and  anecdotal  evidence  and  their  benefit  over  good 
supportive  care  is  debated  [54,  55].  The  lack  of 
other  proven  treatments  and  high  fatality  rate  of 
the  disorder  easily  justifies  their  use  in  patients 
with  severe  NMS. 

Benzodiazepines 

Benzodiazepines  are  the  most  widely  used  phar¬ 
macologic  adjuncts  in  management  of  NMS 
because  of  their  rapid  onset  of  action  and  useful¬ 
ness  in  reversing  catatonic  symptoms  and  agita¬ 
tion.  Benzodiazepines  facilitate  GABA-mediated 
chloride  transport,  producing  neuronal  hyperpo¬ 
larization  which  attenuates  the  sympathetic 
hyperactivity  characterized  by  NMS  [40].  Several 
clinical  reports  suggest  that  lorazepam  and  other 
benzodiazepines  may  reduce  recovery  time  and 
improve  outcome  [19,  56,  57]  and  a  few  cases 
found  benzodiazepines  to  be  effective  when  other 
medications  failed  [58].  A  trial  of  lorazepam, 
starting  with  1-2  mg  parenterally,  is  a  reasonable 
first-line  intervention  for  acute  NMS  with  diffi¬ 
culty  in  assessing  mental  status  as  the  primary 
disadvantage. 

Dantrolene 

Because  of  its  efficacy  in  reducing  heat  produc¬ 
tion,  rigidity  and  oxygen  consumption  in 
anesthetic-induced  malignant  hyperthermia,  dan- 
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trolene,  a  direct-acting  skeletal  muscle  relaxant, 
has  been  used  in  the  treatment  of  NMS.  Dantrolene 
is  believed  to  decrease  skeletal  muscle  contrac¬ 
tion  by  interfering  with  calcium  ion  release  from 
the  sarcoplasmic  reticulum  which  uncouples  the 
excitation-contraction  process.  In  some  meta¬ 
analyses,  improvement  of  NMS  occurred  in 
approximately  80  %  of  patients  treated  with  dan¬ 
trolene  monotherapy  [59-61].  In  contrast,  a  more 
recent  meta- analysis  of  27 1  published  cases  found 
that  treatment  of  NMS  with  dantrolene  as  mono¬ 
therapy  was  associated  with  a  higher  mortality, 
and  complete  time  to  remission  was  prolonged  by 
combination  therapy  including  dantrolene  [54]. 
Dantrolene  can  be  administered  intravenously 
starting  with  an  initial  bolus  dose  of  1-2.5  mg/kg 
followed  by  1  mg/kg  every  6  h  up  to  a  maximum 
dose  of  10  mg/kg/day  [6,  60-63].  Effects  are  usu¬ 
ally  reported  within  minutes  of  administration. 
Due  to  a  risk  of  hepatoxicity,  dantrolene  is  typi¬ 
cally  discontinued  once  symptoms  begin  to 
resolve  although  some  recommend  continuing  for 
10  days  followed  by  a  slow  taper  with  doses  of 
oral  dantrolene  that  range  from  50  to  200  mg/d  to 
minimize  relapse  [63]. 

Bromocriptine 

Bromocriptine  is  a  centrally  acting  synthetic 
dopamine  agonist  that  stimulates  D2  receptors 
and  antagonizes  type-1  receptors  (Di)  in  the 
hypothalamus  and  the  neostriatum  of  the 
CNS.  Bromocriptine  is  used  in  NMS  to  reverse 
the  hypodopaminergic  state  precipitated  by  the 
antipsychotic-related  striatal  D2  antagonism  and 
therefore  ameliorate  the  manifestations  of  NMS 
[2].  In  a  review  of  67  published  cases  of  NMS, 
Bromocriptine  was  found  to  significantly  shorten 
time  to  clinical  response  compared  to  supportive 
treatment  alone  [60]  and  a  larger  review  of  734 
cases  found  that  bromocriptine  significantly 
reduced  mortality  rate  compared  with  supportive 
care  (10%  versus  21  %)  [61].  In  contrast,  a  small 
prospective  study  in  20  patients  showed  that 
dantrolene  and/or  bromocriptine  use  was  associ¬ 
ated  with  a  more  prolonged  course  (9.9  versus 


6.8  days)  and  a  higher  incidence  of  complica¬ 
tions  compared  with  those  receiving  supportive 
care  alone  [55].  However,  patients  in  the  treated 
group  of  this  nonrandomized  study  were  sicker 
than  those  not  treated.  Bromocriptine  is  not 
available  in  an  injectable  form  and  therefore,  can 
be  given  only  orally  or  through  a  feeding  tube, 
starting  with  doses  of  2.5  mg,  2-3  times  daily, 
increasing  doses  by  2.5  mg  every  24  h  until  a 
response  is  obtained  or  until  reaching  a  maxi¬ 
mum  dose  of  45  mg/day.  It  is  recommended  that 
bromocriptine  be  continued  for  10  days  after 
symptoms  are  controlled  and  then  tapered  slowly 
to  minimize  the  likelihood  of  recrudescence  of 
NMS  [6,  60,  61,  63]. 

Amantadine 

Other  dopamine  agonists  with  anecdotal  evidence 
of  success  include  ropinirole,  levodopa  [64,  65], 
and  amantadine  [6,  66,  67].  Dopaminergic  agents 
may  be  associated  with  exacerbation  of  underly¬ 
ing  psychiatric  illness  but  is  usually  well  toler¬ 
ated  in  psychotic  patients.  Amantadine  has  been 
used  to  treat  Parkinson  disease  and  has  been  tried 
in  neuroleptic  malignant  syndrome  because  it 
increases  synaptic  dopamine  activity.  Its  antipar¬ 
kinsonian  activity  results  from  blocking  reuptake 
of  dopamine  into  presynaptic  neurons  and  caus¬ 
ing  direct  stimulation  of  postsynaptic  receptors. 

Electroconvulsive  Therapy 

Although  there  are  no  prospective,  randomized, 
controlled  data,  the  efficacy  of  ECT  in  treating 
malignant  catatonia  and  improving  Parkinsonism 
provide  rationale  for  its  use  in  NMS,  especially  in 
patients  not  responding  to  other  treatments  or  in 
whom  non-pharmacologic  psychotropic  treat¬ 
ment  is  needed.  Clinical  response,  presumably  by 
enhancing  central  dopaminergic  transmission, 
was  seen  by  the  third  or  fourth  treatment  in  a 
review  of  5  patients  treated  with  ECT,  and  after 
an  average  of  4.1  treatments  in  a  comprehensive 
literature  review  of  55  patients  [68,  69].  A  review 
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of  published  cases  found  a  lower  mortality  rate  in 
ECT  treated  patients  compared  with  those  receiv¬ 
ing  supportive  care  alone  [70].  The  interpretation 
of  these  results  are  limited  by  variable  timing  of 
ECT  in  relation  to  symptom  onset  and  lack  of 
randomization. 
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Case  Presentation 

Forty  two  year  old  man  is  brought  to  the  emer¬ 
gency  department  after  he  was  hit  by  a  car  while 
crossing  a  street.  Upon  EMS  arrival,  he  had  nor¬ 
mal  vital  signs  and  was  awake  and  mumbling 
incomprehensible  words.  The  patient  deterio¬ 
rated  en  route  to  the  hospital  and  is  now  unre¬ 
sponsive  with  Glasgow  Coma  Scale  (GCS)  of  4 
and  extensor  posturing.  His  blood  pressure  now 
is  205/120  mmHg  with  heart  rate  of  45  beats/ 
min.  Left  pupil  is  fixed  and  dilated.  CT  scan  of 
the  head  performed  after  endotracheal  intubation 
showed  large  left  temporal  epidural  hematoma 
with  midline  shift  of  7  mm  towards  right  and  left 
uncal  herniation.  Additionally,  there  is  evidence 
of  bifrontal  hemorrhagic  contusions  and  thin 
layer  of  subarachnoid  hemorrhage  along  cortical 
surface.  Laboratory  studies  revealed  normal 
hemoglobin  and  hematocrit  and  a  Focused 
Assessment  with  Sonography  in  Trauma  (FAST) 
study  did  not  show  signs  of  major  extracranial 
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bleeding.  Bedside  examination  and  imaging 
studies  did  not  show  any  major  cervical,  extrem¬ 
ities  or  thoracoabdominal  trauma. 

Question  What  is  the  most  appropriate  treat¬ 
ment  for  this  patient  with  severe  traumatic  brain 
injury  at  this  time? 

Answer  Emergent  surgical  evacuation  of  epi¬ 
dural  hematoma. 

This  patient  has  suffered  severe  traumatic 
brain  injury  with  no  evidence  of  other  significant 
extracranial  injury.  The  patient  is  showing  signs 
of  increased  intracranial  pressure  as  evident  from 
decreased  level  of  consciousness  and  Cushing 
reflex  caused  by  evolving  epidural  hematoma. 
Patient  underwent  emergent  left  temporal  crani¬ 
otomy  and  epidural  hematoma  evacuation.  An 
intraparenchymal  fiberoptic  intracranial  pressure 
monitoring  device  and  a  brain  tissue  oxygen  ten¬ 
sion  (Pbt02)  monitoring  device  were  inserted  in 
the  right  frontal  region.  A  target  driven  protocol- 
based  treatment  of  intracranial  hypertension  and 
brain  tissue  hypoxia  was  initiated  with  goal 
ICP  <20  mmHg,  CPP  >60  mmHg  and 
PbtO2>20  mmHg.  On  postoperative  day  2,  neuro¬ 
logical  examination  improved  slightly  with 
patient  withdrawing  to  painful  stimuli  on  upper 
extremities,  however  still  unable  to  follow  com¬ 
mands.  Patient  had  episodes  of  sustained  eleva¬ 
tions  in  intracranial  pressure  above  25  mmHg 
lasting  longer  than  15  min.  Patient  was  treated 
with  isotonic  saline  bolus  to  treat  hypotension  and 
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Mannitol  to  treat  intracranial  hypertension. 
Sustained  brain  tissue  hypoxia  in  the  setting  of 
normal  CPP  was  treated  with  induced  systemic 
hyperoxia  by  increase  in  Fi02  and  blood  transfu¬ 
sion  to  increase  oxygen  carrying  capacity.  Patient 
developed  intracranial  hypertension  refractory  to 
hyperosmolar  therapy  and  propofol  sedation. 
Patient  was  placed  on  intravenous  pentobarbital 
coma.  Continuous  EEG  monitoring  was  used  to 
assess  the  depth  of  sedation  with  goal  of  achiev¬ 
ing  burst  suppression.  Patient  did  not  respond  to 
medical  therapy  for  treatment  of  refractory  intra¬ 
cranial  hypertension  and  a  bifrontal  decompres¬ 
sive  craniectomy  was  performed. 


Principles  of  Management 

Primary  and  Secondary  Brain  Injury 

TBI  results  in  two  distinct  phases  of  brain  injury. 
The  primary  brain  injury  that  occurs  at  time  of 
trauma  is  physical  tissue  injury  resulting  in  shear¬ 
ing  or  compression  of  brain  parenchyma.  Severity 
of  primary  brain  injury  is  a  major  determinant  of 
outcome;  however,  it  is  generally  irreversible  and 
non-modifiable.  Secondary  brain  injury  that 
occurs  hours  to  days  after  the  traumatic  event  is 
the  result  of  complex  interaction  between  various 
intracranial  and  systemic  factors.  Brain  ischemia 
resulting  from  secondary  injury  caused  by 
decreased  cerebral  perfusion  pressure  from  ele¬ 
vated  intracranial  pressure  or  systemic  hypoten¬ 
sion,  hypoxia,  hypocapnia,  and  brain  herniation 
can  significantly  impact  outcome  and  therefore, 
management  of  TBI  focuses  on  reducing  this  sec¬ 
ondary  injury. 

Severity  of  Traumatic  Brain  Injury 

Classification  of  TBI  based  on  initial  severity 
helps  in  predicting  likely  outcome  as  well  as 
understanding  natural  history.  Severity  of  TBI  is 
defined  based  on  findings  on  neuroimaging,  GCS 
within  first  24  h  of  presentation,  presence  or 
absence  and  duration  of  loss  of  consciousness, 
post-traumatic  amnesia  and  change  in  mental 
status.  Table  40.1. 


Prehospital  and  Emergency 
Department 

Two  major  causes  of  secondary  brain  injury  after 
TBI  are  cerebral  hypoperfusion  and  hypoxia. 
Studies  have  shown  that  systolic  BP  <90  mmHg 
and  PaO2<60  mmHg  are  associated  with  poor 
outcomes  after  TBI  [1].  The  prehospital  treat¬ 
ment  is  focused  toward  establishing  and  main¬ 
taining  adequate  circulation,  patent  airway  and 
oxygenation.  Securement  of  airway  by  endotra¬ 
cheal  intubation  should  be  considered  in  patients 
with  GCS  <9  while  ensuring  hemodynamic  sta¬ 
bility.  Crystalloids  are  preferred  over  colloids  for 
fluid  resuscitation  as  use  of  albumin  resulted  in 
increased  mortality  in  a  randomized  clinical  trial 
[2].  All  patients  with  suspected  moderate  to 
severe  TBI  or  GCS  <15  should  undergo  neuro¬ 
imaging  evaluation.  Non-contrast  CT  of  head  is 
preferred  modality  due  to  rapidity,  wide  avail¬ 
ability  and  high  sensitivity  for  detection  of  intra- 
and  extraparenchymal  hemorrhage  and  fractures. 
Common  findings  on  initial  CT  of  head  in  severe 
TBI  include  one  or  more  of  cerebral  contusion 
(frontal  and  temporal  lobes  are  common  loca¬ 
tion),  subdural  hematoma,  epidural  hematoma, 
subarachnoid  hemorrhage,  intraventricular  hem¬ 
orrhage,  diffuse  cerebral  edema,  skull  fracture 
and  extracranial  hematoma.  Frequently,  initial 
CT  scan  in  comatose  patients  with  severe  TBI 
and  diffuse  axonal  injury  may  be  largely  unre¬ 
markable.  A  follow  up  CT  done  6-12  h  after  the 
initial  CT  may  show  development  of  new  lesions 
or  expansion  of  previously  seen  contusions. 
Early  detection  and  treatment  of  intracranial 
hypertension  should  begin  in  emergency  depart¬ 
ment  as  both  duration  and  severity  of  low  cere¬ 
bral  perfusion  are  associated  with  worse 
outcomes.  Patients  with  severe  TBI  should  be 
transferred  to  a  tertiary  center  with  emergent 
neurosurgical  services  once  hemodynamic  sta¬ 
bility  is  established  [3]  (Fig.  40.1). 

Mechanical  Ventilation 

Positive  end-expiratory  pressure  should  be  kept  to 
minimum  to  adequately  oxygenate  in  patients  with 
intracranial  hypertension  requiring  mechanical 
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Table  40.1  Classification  of  severity  of  traumatic  brain  injury 


Criteria 

Mild 

Moderate 

Severe 

Neuroimaging 

Normal 

Normal  or  abnormal 

Abnormal 

Initial  GCS 

13-15 

9-12 

<9 

Loss  of  consciousness 

Absent  or  upto  30  min 

30  min  to  24  h 

More  than  24  h 

Post-traumatic  amnesia 

Absent  or  upto  24  h 

1-7  days 

More  than  7  days 

Change  in  mental  status 

Absent  or  upto  24  h 

More  than  24  h 

Adapted  from  VA/DoD  clinical  practice  guideline  for  management  of  concussion/mild  traumatic  brain  injury 


Fig.  40.1  CT  scan  of  the  head  showing  different  findings 
in  severe  traumatic  brain  injury,  (a)  Crescent  shaped 
hyperdensity  in  the  suggestive  of  left  sided  acute  subdural 
hematoma  with  mass  effect  and  left  to  right  midline  shift. 

ventilatory  support.  Prolonged  hyperventilation 
induced  hypocapnia  increases  risk  of  ischemia  by 
cerebral  vasoconstriction  while  permissive  hyper¬ 
capnia  may  lead  to  intracranial  hypertension  via 
cerebral  vasodilation. 

Analgesia,  Sedation 

and  Neuromuscular  Paralysis 

Inadequate  pain  control,  agitation  and  anxiety 
may  increase  ICP  and  cerebral  oxygen  demand 
while  unnecessary  and  excessive  sedation  results 
in  inability  to  detect  change  in  neurological  exam. 
Therefore,  judicious  use  of  short  acting  opioids 
such  as  fentanyl,  ramifentanyl  or  morphine  is 
warranted  for  pain  control  and  propofol  or  short 
acting  benzodiazepine  such  as  midazolam  may  be 
used  to  provide  sedation.  Non-depolarizing  mus¬ 
cle  relaxants  should  be  used  for  patient- ventilator 
dyssynchrony  causing  refractory  hypoxia  and  to 


(b)  Lenticular  hyperdensity  suggestive  of  acute  epidural 
hematoma  with  effacement  of  left  lateral  ventricle,  (c) 
Bifrontal  traumatic  cerebral  contusions 


treat  intracranial  hypertension  caused  by  exces¬ 
sive  coughing  or  straining. 

Surgical  Treatment 
Epidural  Hematoma 

Patients  with  EDH  and  GCS  score  <9  should 
undergo  surgical  evacuation.  Surgery  is  also  recom¬ 
mended  for  patients  with  EDH  volume  >30  cc, 
thickness  >15  mm  or  midline  shift  of  >5  mm 
regardless  of  GCS.  Patients  managed  nonoperatively 
should  undergo  serial  CT  imaging  and  frequent  neu¬ 
rological  monitoring  where  emergent  neurosurgical 
treatment  is  available.  Temporal  location  increases 
the  risk  of  deterioration  and  therefore,  threshold  for 
surgery  should  be  kept  lower  for  patients  with  tem¬ 
poral  EDH.  Time  from  neurological  worsening  to 
EDH  evacuation  correlates  more  with  outcomes 
than  time  from  injury  to  evacuation.  Therefore,  in 
patients  undergoing  initial  non-surgical  treatment, 
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neurological  deterioration  as  defined  by  worsening 
level  of  consciousness,  abnormal  papillary  reflex, 
and  appearance  of  new  focality  or  worsening  of 
existing  focal  deficits  should  prompt  urgent  surgical 
evacuation. 

Subdural  Hematoma 

The  indications  for  surgery  in  acute  traumatic 
SDH  include  clot  thickness  >10  mm  or  midline 
shift  >5  mm  on  initial  CT  imaging  regardless  of 
GCS.  In  patients  with  smaller  SDH,  GCS  <9  or 
decrease  in  GCS  by  2  points  or  more  since  pre¬ 
sentation,  presence  of  papillary  abnormality  or 
persistent  elevation  of  ICP  >20  mmHg  should 
prompt  surgical  evacuation. 

Intraparenchymal  Hematoma/ 

Traumatic  Cerebral  Contusion 

Patients  with  GCS  of  <9  with  frontal  or  temporal 
hematoma  of  >20  cc  with  midline  shift  of  >5  mm 
or  cisternal  compression  and  those  with  any  hema¬ 
toma  of  >50  cc  should  undergo  evacuation.  Also, 
patients  with  neurological  deterioration  thought  to 
be  related  to  intraparenchymal  hematoma  should 
also  be  treated  surgically  [4].  Neurologically  sta¬ 
ble  patients  with  parenchymal  contusion  showing 
no  significant  mass  effect  on  CT  scan  can  be  man¬ 
aged  nonoperatively  with  close  monitoring  and 
serial  imaging.  Patients  with  medically  refractory 
intracranial  hypertension  from  diffuse  cerebral 
edema  may  be  treated  with  bifrontal  or  hemi¬ 
spheric  decompressivecraniectomy. 

Evidence  Contour 

Indication  of  Intracranial  Pressure 
Monitoring  and  Pressure  Threshold 

Invasive  ICP  monitoring  is  not  routinely  indicated 
in  all  cases  of  TBI  and  the  risks  of  monitoring 
such  as  infection  and  bleeding  must  be  weighed 
against  the  benefit  of  additional  information 
obtained  by  such  monitoring.  Patients  with  severe 
TBI  with  abnormal  CT  scan  and  GCS  <9  should 
undergo  ICP  monitoring  as  they  have  high  likeli¬ 
hood  of  transient  or  persistent  elevation  in  ICP 
resulting  in  compromise  in  cerebral  perfusion 


pressure  and  inability  of  serial  clinical  examina¬ 
tions  to  identify  subtle  changes  related  to  intra¬ 
cranial  hypertension  due  to  poor  baseline 
neurological  status.  Normal  neuroimaging  espe¬ 
cially  during  early  hours  of  TBI  does  not  rule  out 
intracranial  hypertension.  Patients  with  two  or 
more  of  the  following  factors  should  undergo  ICP 
monitoring  in  the  absence  of  abnormal  findings 
on  CT  scan  of  the  head:  age  above  40  years,  motor 
posturing,  systolic  blood  pressure  <90  mmHg. 
The  ICP  threshold  above  which  interventions 
aimed  at  lowering  the  ICP  should  be  implemented 
is  unclear  at  this  time.  ICP  of  above  20  mmHg  is 
generally  recommended  as  the  treatment  thresh¬ 
old  by  several  guidelines.  Cerebral  perfusion 
pressure  (CPP=MAP-ICP)  based  threshold  may 
provide  for  a  more  physiologically  rational 
parameter  and  should  be  used  in  conjunction  with 
ICP  parameter  with  goal  CPP  >60-65  mmHg. 
Different  devices  used  for  ICP  monitoring  use 
any  of  available  technologies  such  as  fiberoptic 
sensor,  microchip  with  internal  strain  gauge,  air 
pouch  or  fluid  filled  catheter  connected  to  pres¬ 
sure  transducer.  Devices  also  differ  in  terms  of 
location  of  tip  such  as  subdural,  epidural,  sub¬ 
arachnoid,  intraparenchymal  and  intraventricular. 
Of  these,  fluid-filled  transduced  ventriculostomy 
catheter  provides  the  most  accurate  ICP  value  and 
also  allows  for  therapeutic  CSF  drainage  and  is 
therefore,  preferred  over  other  modalities. 

Post-traumatic  Seizures 

Patients  with  moderate  to  severe  TBI  often  have 
convulsive  episode  immediately  after  the  impact. 
The  issue  of  whether  these  ‘impact  seizures’  rep¬ 
resent  true  epileptic  convulsion  or  convulsive 
concussion  is  not  settled.  Either  way,  these  post- 
traumatic  early  seizures  which  can  occur  up  to  a 
week  after  the  injury  represent  symptomatic 
events  and  have  low  likelihood  of  recurrence. 
Risk  factors  for  early  seizures  are  younger  age, 
subdural  hematoma,  cortical  contusions  and  pen¬ 
etrating  head  injury.  Prophylactic  use  of  AEDs  in 
TBI  is  controversial.  A  pooled  analysis  of  con¬ 
trolled  trials  showed  that  the  use  of  prophylactic 
AEDs  in  selected  TBI  patients  resulted  in  lower 
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incidence  of  early  posttraumatic  seizures  [5]. 
However,  in  a  placebo  controlled  randomized 
trial,  phenytoin  did  not  reduce  the  rate  of  early 
posttraumatic  seizures  in  young  patients  with 
blunt  head  injuries  [6].  Early  seizures  may  degen¬ 
erate  in  to  status  epilepticus  with  associated  high 
mortality  and  both  convulsive  and  non-convulsive 
seizures  can  worsen  intracranial  hypertension. 
Therefore,  use  of  AEDs  for  1  week  to  prevent  sei¬ 
zures  in  patients  at  high  risk  for  early  seizures  is 
recommended.  Phenytoin  is  preferred  agent 
because  of  stronger  evidence  and  availability  of 
IV  formulation.  However,  Levetiracetam  is  an 
acceptable  alternative  to  phenytoin  based  on  sim¬ 
ilar  outcomes  in  a  large  prospective  study  [7]. 
Long  term  prophylaxis  is  ineffective  in  prevent¬ 
ing  late  posttraumatic  epilepsy  and  later  treat¬ 
ment  should  be  started  or  continued  on  occurrence 
basis. 

Therapeutic  Hypothermia 

High  quality  randomized  trials  have  failed  to 
show  benefit  of  induced  hypothermia  after  TBI 
[8,  9].  Use  of  therapeutic  hypothermia  was  asso¬ 
ciated  with  risk  of  medical  complications  and  its 
routine  use  to  improve  neurological  outcomes  in 
TBI  is  not  recommended. 

Advanced  Neuromonitoring 

Brain  Tissue  Oxygen  (Pbt02) 

Partial  pressure  of  oxygen  in  brain  tissue  can  be 
monitored  by  an  electrode  placed  in  the  brain 
region  at  risk  for  tissue  hypoxia.  Persistent  brain 
tissue  hypoxia  defined  as  PbtO2<20  mmHg  has 
been  shown  to  be  associated  with  worse  out¬ 
comes  after  TBI.  It  is  unclear  whether  this  asso¬ 
ciation  is  an  indicator  of  severity  of  injury  or  a 
potentially  modifiable  parameter  to  change  the 
outcomes.  Several  non-randomized  studies  have 
shown  that  a  protocol  based  Pbt02  monitoring 
and  interventions  to  minimize  brain  tissue 
hypoxia  such  as  normobaric  hyperoxia,  elevation 
of  CPP  by  reduction  in  ICP  or  hemodynamic 
augmentation  and  blood  transfusion  to  increase 


02  carrying  capacity  is  associated  with  better  out¬ 
comes  [10,  11].  A  phase  II  randomized  trial 
(BOOST-2)  also  showed  that  Pbt02  monitoring 
and  protocol  based  interventions  are  feasible, 
safe  and  associated  with  trend  toward  better  out¬ 
comes  compared  to  ICP  monitoring  based  inter¬ 
vention  alone  [12]. 

Cerebral  Microdialysis 

Microdialysis  consists  of  continuous  sampling  of 
the  small  molecules  in  the  interstitial  fluid  via  a 
small  catheter  placed  within  the  tissue  at  risk  for 
secondary  injury.  Analysis  of  various  biochemi¬ 
cal  markers  provides  important  information 
regarding  metabolic  milieu  of  the  cerebral  tissue. 
Tissue  hypoxia  leads  to  increased  lactate  produc¬ 
tion  via  anaerobic  metabolism  resulting  in  high 
lactate/pyruvate  ratio  and  increase  in  glutamate 
due  to  decreased  glial  uptake  as  a  result  of  ATP 
depletion.  Advanced  ischemia  leads  to  increase  in 
glycerol  from  decomposition  of  cell  membrane. 
Tissue  glucose  concentration  without  parallel 
decrease  in  blood  glucose  may  indicate  a  state  of 
ischemia.  These  metabolic  markers  in  microdial¬ 
ysis  can  aide  in  prognostication.  Their  role  in 
interventions  aimed  at  improving  outcomes  by 
affecting  cerebral  oxygenation,  perfusion  and 
glycemic  state  has  not  been  established  yet. 

Jugular  Bulb  Oximetry 

A  popular  monitoring  technique  in  the  past, 
Jugular  bulb  oximetry  (Sjv02)  helps  in  determin¬ 
ing  the  balance  between  cerebral  blood  flow  and 
metabolic  demand.  Reduction  in  Sjv02  indicates 
increase  in  oxygen  extraction  or  decrease  in  cere¬ 
bral  blood  flow  as  a  result  of  decrease  in  CPP.  The 
duration  and  the  degree  of  abnormal  Sjv02  are 
associated  with  worsened  outcomes  after  TBI. 

Prophylactic  Antibiotics 

Penetrating  brain  injury  has  high  risk  of  intracra¬ 
nial  infection.  Presence  of  CSF  fistulae,  transven- 
tricular  injury  and  air  sinus  wounds  increases  the 
risk  of  infection  further.  Therefore,  broad  spec¬ 
trum  prophylactic  antibiotics  are  recommended 
in  all  cases  of  penetrating  brain  injury  [13]. 
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Antibiotic  prophylaxis  is  not  indicated  in  non¬ 
penetrating  basilar  skull  fractures  with  or  without 
CSF  leak  [14]. 

Steroids  and  Neuroprotective  Agents 

Use  of  high  dose  intravenous  corticosteroids  fol¬ 
lowing  moderate  to  severe  TBI  was  associated 
with  increased  risk  of  death  within  2  weeks  and  is 
contraindicated  [15].  A  variety  of  neuroprotective 
agents  have  been  studied  in  animals  and  humans 
for  TBI.  The  results  from  early  studies  on  use  of 
Magnesium,  Citicoline,  progesterone  and  eryth¬ 
ropoietin  after  TBI  were  promising,  however,  ran¬ 
domized  clinical  trials  failed  to  show  effectiveness 
of  these  strategies  in  TBI  [16-21].  Effectiveness 
of  routine  use  of  hyperbaric  oxygen  and  cyclospo¬ 
rine  after  TBI  requires  further  confirmation  by 
randomized  clinical  trials  [22,  23]. 
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Case  Presentation 

A  46  year  old  male  with  a  history  of  tobacco 
dependence  and  uncontrolled  diabetes  is  brought 
in  to  the  emergency  department  after  a  resusci¬ 
tated  cardiac  arrest.  He  had  been  in  his  usual  state 
of  health  and  after  waking  up  this  morning  col¬ 
lapsed  at  the  side  of  the  bed  and  was  noted  to  be 
apneic  by  his  wife.  When  the  paramedics  arrived, 
he  had  received  no  bystander  CPR  and  he  was  in 
ventricular  fibrillation  and  he  ultimately  regained 
return  of  spontaneous  circulation  (ROSC)  after  7 
shocks  and  was  intubated  in  the  field. 

On  arrival  to  the  ED  unresponsiveness  was 
confirmed,  he  was  connected  to  a  ventilator  after 
verifying  endotracheal  tube  positioning  and 
obtaining  labs  and  12  lead  ECG.  He  was  given  a 
30  mL/Kg  bolus  of  chilled  (4  °C)  normal  saline 
solution,  packed  in  ice  and  rushed  to  the  cardiac 
catheterization  lab.  There  he  was  found  to  have 
no  significant  obstructive  coronary  artery  disease 
but  was  noted  to  have  biventricular  failure  with 
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elevated  filling  pressures.  Transthoracic  echocar¬ 
diography  showed  a  severely  reduced  left  ven¬ 
tricular  ejection  fraction  of  -10%.  On  his  way  to 
the  Intensive  Care  Unit,  he  had  a  CT  scan  of  the 
brain  which  was  read  as  concerning  for  early  loss 
of  gray- white  matter  differentiation  (Fig.  41.1). 
He  arrives  in  the  ICU  intubated,  sedated,  para¬ 
lyzed  and  ice  packed. 

Question  What  approach  should  guide  this 
patient’s  management? 

Answer  Targeted  Temperature  Management 
(TTM)  with  initial  Mild  Therapeutic  Hypothermia 
followed  by  Maintenance  of  Normothermia. 

Most  adult  patients,  with  few  exceptions,  that 
suffer  anoxic  brain  injury  should  be  treated  with 
targeted  temperature  management  in  order  to 
minimize  secondary  brain  injury.  On  arrival  to 
the  ICU  the  patient  was  connected  to  an  auto¬ 
mated  closed-loop  intravascular  cooling  system. 
Target  temperature  of  33  °C  was  achieved  within 
four  hours  from  return  of  spontaneous  circula¬ 
tion  (ROSC).  In  order  to  facilitate  cooling  to 
goal  temperature,  shivering  was  countered  by 
sedation  with  midazolam  and  fentanyl  infusions 
as  well  as  paralysis  with  cis-atracurium.  Target 
temperature  was  maintained  for  24  h,  after  which 
controlled  active  rewarming  of  0.25  °C  per  hour 
was  undertaken  with  the  closed  loop  TTM  sys¬ 
tem  until  the  patient  was  rewarmed  to  the  new 
target  temperature  of  37  °C.  At  this  point  the 
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Fig.  41.1  A  representative  image  from  the  CT  of  the 
brain  is  shown 


TTM  system  was  set  to  maintain  normothermia, 
cooling  the  patient  if  necessary  to  maintain  a 
temperature  of  37  °C  for  the  next  72  h.  During 
this  entire  time  patient  was  monitored  with  con¬ 
tinuous  EEG;  he  had  follow  up  MRI  of  the  brain 
which  did  not  demonstrate  evidence  of  focal  or 
diffuse  damage,  serum  neuron  specific  enolase 
levels  drawn  at  48  and  72  h  were  26  ng/mL  and 
19  ng/mL  respectively.  He  remained  comatose 
on  minimal  sedation  for  118  h  from  ROSC  prior 
to  improvement  in  his  neurologic  examination. 
He  was  extubated  on  hospital  day  8  and  was 
quite  delirious,  but  had  a  non-focal  neurologic 
exam  and  was  able  to  participate  actively  with 
physical  and  occupational  therapy.  He  was  trans¬ 
ferred  out  of  the  ICU  on  hospital  day  10  and  dis¬ 
charged  to  home  on  hospital  day  13. 
Neurocognitive  testing  at  90  day  follow  up 
showed  normal  function  with  very  mild  short 
term  memory  impairment  that  was  not  impacting 
his  performance  at  work  (Fig.  41.2). 


Fig.  41.2  A  representative  image  from  the  MRI  of  the 
brain  is  shown 
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Principles  of  Management 
Diagnosis 

Anoxic  brain  injury,  also  known  as  hypoxic 
encephalopathy,  ischemic-hypoxic  encephalop¬ 
athy  is  a  fairly  heterogenous  entity.  It  best  con¬ 
ceptualized  as  a  spectrum  of  brain  injury  ranging 
from  brain  death,  minimally  conscious  states,  to 
recovery  of  consciousness  with  cognitive 
impairment  and  movement  disorders  to  mild 
transient  loss  of  consciousness  with  or  without 
transient  neurologic  deficits.  The  diagnosis  is 
made  after  loss  of  consciousness  after  an  epi¬ 
sode  of  global  cerebral  hypoxia  or  hypoperfu¬ 
sion.  It  is  in  essence  a  clinical  diagnosis,  as  no 
radiological,  laboratory  or  electrophysiologic 
test  can  fully  diagnose  it;  these  ancillary  exams 
are  often  negative  even  in  cases  of  severe  anoxic 
encephalopathy. 

Therapeutic  Hypothermia 

The  use  of  hypothermia  in  the  treatment  of  inju¬ 
ries  dates  back  to  antiquity,  with  one  of  the  earli¬ 
est  applications  being  attributed  to  Hippocrates, 
who  recommended  covering  wounded  combat¬ 
ants  in  snow  to  enhance  survival  and  recovery.  In 
modern  times,  the  observation  that  hypothermia 
mitigates  acute  neurological  injury  and  improves 
outcomes  was  made  decades  ago.  The  first  docu¬ 
mented  use  of  hypothermia  for  neuroprotection 
after  in-hospital  cardiac  arrest  consists  of  a  1958 
case  series  of  4  patients  [1].  One  of  the  first 
human  clinical  studies  on  induced  hypothermia 
for  out-of  hospital  cardiac  arrest  survivors  was  a 
pilot  safety  and  feasibility  study  performed  by 
Bernard  et  al.  in  1997  [2],  this  was  followed  in 
1998,  by  another  small  study  by  Yanagawa  et  al. 
[3].  These  two  studies  suggested  a  potential  ther¬ 
apeutic  benefit  from  induced  hypothermia  in 
comatose  post-cardiac  arrest  survivors,  and  paved 
the  way  for  subsequent  definitive  trials. 

In  the  following  two  decades,  there  have  been 
three  landmark  trials  in  TTM  for  hypoxic  isch¬ 
emic  brain  injury.  In  2002  the  two  initial  trials 
were  published  simultaneously,  one  in  Australia 


and  the  other  in  Europe.  The  Australian  study 
was  Bernard  et  al.’s  follow  up  study  that  enrolled 
comatose  survivors  of  ventricular  fibrillation 
arrests  [4].  This  study  randomized  77  patients  to 
receive  mild  therapeutic  hypothermia  of  33  °C  or 
normothermia  (no  temperature  intervention).  The 
hypothermia  arm  included  43  patients  while  the 
normothermia  arm  had  34  patients.  In  this  trial, 
cooling  was  initiated  by  paramedics  prior  to  hos¬ 
pital  arrival  and  cooling  was  achieved  and  main¬ 
tained  with  ice  packs.  The  target  temperature  was 
maintained  for  12  h  and  patients  were  sedated 
and  paralyzed  with  repeated  boluses  of  mid¬ 
azolam  and  vecuronium  as  needed  to  prevent 
shivering,  followed  by  active  rewarming  with  a 
heated-air  blanket  beginning  at  18  h  after  hospital 
arrival,  with  continued  sedation  and  neuromuscu¬ 
lar  blockade  to  suppress  shivering.  Discharge  to 
home  or  to  a  rehabilitation  facility  was  regarded 
as  a  good  outcome,  whereas  in-hospital  mortality 
and  discharge  to  a  long-term  nursing  facility 
were  regarded  as  poor  outcomes.  The  study  found 
that  21  of  43  patients  (49%)  treated  with  hypo¬ 
thermia  had  good  outcomes  and  were  discharge 
to  home  or  to  a  rehabilitation  facility,  compared 
with  9  of  34  (26%)  in  the  normothermia  group 
(relative  risk  (RR)  of  good  outcome,  1.85,  95% 
confidence  interval  (Cl)  0.97-3.49,  number 
needed  to  treat  (NNT)=4).  Mortality  at  discharge 
was  22  of  43  (5 1  %)  in  the  hypothermia  group 
and  23  of  34  (68  %)  in  the  normothermia  group 
(RR  0.76,  95  %  Cl  0.52-1.10,  NNT  =  6). 

The  second,  larger  trial  by  the  European 
Hypothermia  after  Cardiac  Arrest  (HACA) 
group,  randomized  273  comatose  survivors  of 
ventricular  fibrillation  arrests  to  mild  therapeutic 
hypothermia  (32-34  °C)  beginning  after  hospital 
arrival  versus  normothermia  [5].  One  hundred 
and  thirty- seven  patients  were  randomized  to  the 
hypothermia  arm,  while  138  patients  were  ran¬ 
domized  to  the  normothermia  arm.  Patients  in  the 
hypothermia  group  were  cooled  by  via  forced  air 
mattresses  and  blankets,  and  were  maintained  at 
target  temperature  for  24  h.  Patients  were  subse¬ 
quently  rewarmed  passively  over  a  period  of  8  h. 
Sedation  with  midazolam  and  paralysis  with 
vecuronium  was  administered  to  prevent  shiver¬ 
ing.  Seventy-five  of  the  136  patients  (55  %)  in  the 
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hypothermia  group  had  a  favorable  neurological 
outcome  (able  to  live  independently  and  work  at 
least  part-time)  at  6  months  compared  with  54  of 
137  (39  %)  in  the  normothermia  group  (RR  1.40, 
95  %  Cl  1.08-1.81,  NNT  =  6).  At  6  months  there 
were  56  deaths  among  the  137  participants  (41  %) 
in  the  hypothermia  group  versus  76  of  138  (55%) 
in  the  normothermia  group  (RR  0.74,  95  %  Cl 
0.58-0.95,  NNT  =  7). 

The  third,  largest  and  most  recent  trial  is  the 
Therapeutic  Temperature  Management  (TTM 
33-36)  trial  [6].  This  prospective  multicenter 
study  undertaken  in  Europe  and  Australia  ran¬ 
domized  939  comatose  OHCA  survivors  to  cool¬ 
ing  to  33  or  36  °C,  with  protocolized  sedation, 
rewarming  and  prognostic  evaluation.  In  this 
study  the  method  of  cooling  was  left  at  the  dis¬ 
cretion  of  each  study  site;  however  the  intention 
was  to  reach  goal  temperature  as  quickly  as  pos¬ 
sible.  Rewarming  was  initiated  at  28  h  from  ran¬ 
domization  and  done  with  controlled  active 
rewarming  of  0.5  °C  per  hour.  Mandatory  seda¬ 
tion  was  only  able  to  be  stopped  or  tapered  at  36 
h  from  randomization.  This  study  found  no  sig¬ 
nificant  difference  in  outcomes  or  complications 
between  the  two  temperature  groups. 

Maintenance  of  Normothermia 

Active,  controlled  rewarming  at  a  rate  of  0.25  °C 
per  hour  is  recommended  until  a  core  tempera¬ 
ture  of  36-37  °C  is  achieved  [7].  Once  the  patient 
has  been  rewarmed,  the  therapeutic  temperature 
management  system  should  remain  in  place  for  a 
further  48-72  h  to  ensure  normothermia,  pro¬ 
tecting  the  brain  from  the  detrimental  effects  of 
hyperthermia  [8].  Rebound  pyrexia  is  a  common 
phenomenon  occurring  in  about  40  %  of  patients 
post  therapeutic  hypothermia  only  temperatures 
>38.7  °C  appear  to  be  associated  with  worse 
neurologic  outcomes  in  patients  who  survive  to 
discharge  [9].  It  must  be  noted  that  current 
guidelines  suggest  preventing  hyperpyrexia 
>37.7  °C  based  on  data  from  data  from  focal 
cerebral  ischemia  [7].  The  mechanism  for  this 
common  presentation  of  fever  after  therapeutic 
hypothermia  is  not  well  understood,  however 


several  factor  are  thought  to  contribute  to  its 
presence:  altered  thermoregulation  from  damage 
to  thalamic  structures,  rebound  hyperthermia, 
infection  and  pro-inflammatory  states  all  are 
likely  contributors. 

Supportive  Care 

During  targeted  temperature  management  the 
prevention  of  shivering  is  a  crucial  intervention 
to  allow  for  rapid  induction  of  therapeutic  hypo¬ 
thermia,  and  to  avoid  the  metabolic  stress 
required  to  generate  body  heat  through  shivering. 
The  use  of  sedation,  paralysis  and  other  adjuvant 
measures  is  necessary  for  adequate  TTM.  Factors 
such  as  age,  weight,  hemodynamic  status,  renal 
and  hepatic  function,  effects  of  hypothermia  on 
pharmacokinetics  and  dynamics  and  the  ability  to 
preserve  the  neurologic  examination  are  factors 
that  weigh  on  the  choice  of  drugs.  At  this  time  no 
definitive  evidence  supporting  a  particular  drug 
regimen  exists,  however  short  acting  and  rapidly 
cleared  drugs  with  neutral  hemodynamic  profiles 
are  ideal.  Adjuvant  measure  to  control  shivering 
include  targeting  serum  magnesium  levels  of 
3-4  mg/dL,  the  use  of  buspirone  and  meperidine, 
skin  counter  warming  and  heat  applied  to  feet 
and  hands  can  also  be  helpful. 

Cerebral  edema  has  been  reported  on  the  ini¬ 
tial  cranial  CT  in  approximately  30  %  of  patients 
following  cardiac  arrest  [10],  however  there  is  no 
evidence  supporting  the  use  of  invasive  measure¬ 
ment  of  intracranial  pressure  to  manage  this 
patient  population  [11].  Basic  neurocritical  care 
nursing  measures  such  as  maintaining  the  head  of 
the  bed  elevated  to  30°  and  in  a  neutral  midline 
position  should  be  maintained  to  improve  cere¬ 
bral  venous  drainage  and  minimize  elevations  in 
intracranial  pressure.  In  HE  secondary  to  cardiac 
arrest,  the  incidence  of  non-convulsive  status  epi- 
lepticus  (NCSE)  is  estimated  to  be  as  high  as 
24%  [12,  13],  and  is  associated  with  worse  out¬ 
comes  [14,  15].  Post  hypoxic  myoclonus  occurs 
in  roughly  20  %  of  patients,  and  traditionally  the 
presence  of  seizures  or  myoclonus  has  been 
regarded  as  predictors  for  poor  neurologic  out¬ 
comes.  However,  this  has  been  shown  to  not 
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always  be  the  case  [16,  17].  There  is  insufficient 
evidence  to  recommend  prophylactic  use  of  anti¬ 
epileptic  drugs  in  patients  with  anoxic-ischemic 
encephalopathy;  however  if  possible,  continuous 
electroencephalographic  monitoring  provides  the 
opportunity  for  early  detection  and  aggressive 
treatment  of  NCSE  which  may  impact  outcomes 
and  survival. 

The  ventilator  management  of  patients  under¬ 
going  therapeutic  hypothermia  for  hypoxic- 
ischemic  encephalopathy  should  follow  a  few 
simple  parameters  as  outlined  in  current  guide¬ 
lines  [7]:  arterial  partial  pressure  of  oxygen 
should  be  approximately  100  mmHg  and  pulse 
oxymetry  saturations  should  be  equal  or  greater 
than  94%;  partial  pressures  of  carbon  dioxide 
should  be  40-45  mmHg.  The  management  of 
common  respiratory  problems  following  cardio¬ 
pulmonary  arrest  is  addressed  elsewhere  in  this 
book.  Cardiovascular  care  including  manage¬ 
ment  of  myocardial  ischemia,  arrhythmias  and 
shock  are  beyond  the  scope  of  this  chapter. 
However,  the  following  basic  principles  should 
be  regarded:  euvolemia  should  be  targeted  to 
accommodate  cardiac,  pulmonary  and  renal  con¬ 
cerns.  An  adequate  intravascular  volume  is  cru¬ 
cial  for  cerebral  perfusion  and  to  allow  for 
expected  cold  diuresis  during  hypothermia. 
Blood  pressure  goals  should  be  individualized 
based  on  cardiac  function,  end  organ  perfusion 
and  taking  into  account  an  approximation  of  the 
status  of  cerebral  autoregulation.  Usually  a  mean 
arterial  pressure  (MAP)  of  65  mmHg  is  adequate 
and  recommended  by  current  guidelines  [7]; 
however  a  MAP  of  70-100  mmHg  may  be  con¬ 
sidered  in  particularly  to  augment  cerebral  perfu¬ 
sion  pressure  in  cases  of  cerebral  edema  and 
elevated  ICP.  There  is  no  quality  data  on  hemo¬ 
dynamic  parameters  for  this  population.  Empiric 
antibiotics  are  encouraged  in  situations  when  a 
clinical  infection  is  suspected,  as  early  initiation 
of  antibiotic  therapy  has  been  associated  with 
better  outcomes  following  TTM  for  cardiopul¬ 
monary  arrests  [18]. 

Hypothermia  causes  alterations  in  endoge¬ 
nous  insulin  release  as  well  as  decreasing  insulin 
sensitivity,  therefore  great  care  must  be  taken  to 
avoid  hypoglycemia  during  rewarming  as  insulin 


sensitivity  increases  back  to  baseline.  As  in  other 
forms  of  brain  injury,  normoglycemia  should  be 
maintained  with  insulin  infusions  to  avoid  the 
potentially  erratic  absorption  of  subcutaneous 
insulin  secondary  to  peripheral  vasoconstriction 
with  changes  in  temperature  as  well  as  the  fluc¬ 
tuations  of  glycemia  during  therapeutic  hypo¬ 
thermia.  Current  guidelines  recommend  keeping 
blood  glucose  levels  between  144  and  180  mg/dL 
as  well  as  aggressively  correcting  hypoglycemia 
<80  mg/dL  [7]. 

Evidence  Contour 

The  mainstay  of  management  in  patients  with 
anoxic  brain  injury  involves  neuroprotective 
strategies  and  supportive  critical  care  manage¬ 
ment.  The  only  proven  effective  neuroprotective 
intervention  is  mild  therapeutic  hypothermia, 
though  current  evidence  leaves  questions  regard¬ 
ing  the  optimal  depth  and  duration  of  therapy. 
The  prognostication  of  neurologic  outcomes  is  a 
major  area  of  focus  for  clinicians  and  research¬ 
ers,  as  there  is  no  optimal  paradigm  to  date. 

Therapeutic  Hypothermia 

Following  the  initial  two  landmark  trials,  the 
International  Liaison  Committee  on  Resuscitation 
(ILCOR),  and  the  American  Heart  Association 
(AHA)  published  an  interim  scientific  statement 
in  2003  with  recommendations  on  the  use  of  ther¬ 
apeutic  hypothermia  in  comatose  survivors  of 
cardiac  arrest  [19].  This  was  followed  in  2005 
and  updated  in  2010  in  the  AHA  Guidelines  for 
CPR  and  Emergency  Cardiovascular  Care  [7], 
which  included  the  following  treatment  recom¬ 
mendations:  (a)  Unconscious  adult  patients 
resuscitated  after  in-  or  out-of-hospital  cardiac 
arrest  should  be  cooled  to  32-34  °C  for  12-24  h 
when  the  initial  rhythm  was  ventricular  fibrilla¬ 
tion  (Class  lb),  (b)  Similar  therapy  may  be  bene¬ 
ficial  for  patients  with  in-hospital  cardiac  arrest 
or  out-of-hospital  arrest  associated  with  an  initial 
rhythm  other  than  ventricular  fibrillation  (Class 
lib).  To  further  assess  the  impact  of  hypothermia 
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on  neurologic  outcomes,  a  Cochrane  systematic 
review  of  hypothermia  for  neuroprotection  after 
cardiac  arrest  was  published  by  Holzer  et  al.  [20], 
and  concluded  that  with  conventional  cooling 
methods,  patients  receiving  TTM  were  more 
likely  to  reach  a  good  neurologic  outcome  (RR 
1.55;  95  %  Cl  1.22  to  1.96)  and  were  more  likely 
to  survive  to  hospital  discharge  (RR  1.35;  95% 
Cl  1.10  to  1.65)  compared  to  standard  care.  It 
also  showed  no  difference  in  adverse  events 
between  hypothermia  and  control  patients. 
International  guidelines  have  not  been  published 
or  updated  since  the  publication  of  the  TTM  trial, 
however  ILCOR  did  issue  a  statement  after  the 
publication  of  the  TTM  trial  urging  clinicians  to 
continue  to  guide  themselves  with  the  existing 
recommendations  pending  consensus  on  the 
implications  of  the  TTM  trial  [21].  Some  clini¬ 
cians  and  institutions  have  interpreted  the  results 
of  the  TTM  trial  as  evidence  against  mild  thera¬ 
peutic  hypothermia,  given  the  lack  of  difference 
in  outcomes  between  the  two  groups  and  the  fact 
that  36  °C  does  not  constitute  mild  therapeutic 
hypothermia  (defined  as  32-35  °C).  What 
remains  as  an  unanswered  question  is  how  this 
data  applies  to  populations  where  the  rate  of 
bystander  CPR  is  far  lower  than  the  excellent 
rates  reported  in  the  TTM  trial,  and  if  more  severe 
anoxic-ischemic  injury  derives  a  greater  benefit 
than  those  with  milder  injury.  Pending  clarifica¬ 
tion  of  this  crucial  question,  we  recommend  con¬ 
tinuing  to  use  temperatures  of  32-34  °C,  and 
reserving  the  use  of  temperatures  of  36  °C  for 
patients  that  cannot  tolerate  lower  temperatures. 

It  is  generally  accepted  that  prompt  initiation 
of  hypothermia  and  rapid  achievement  of  target 
temperature  is  ideal  [22].  Clinical  evidence  in 
humans  undergoing  intra-arrest  therapeutic 
hypothermia  is  limited,  but  has  been  shown  to  be 
safe  [23-26],  improve  rates  of  return  of  spontane¬ 
ous  circulation,  neurologic  outcomes  and  sur¬ 
vival  [27].  Most  evidence  indicates  that  the 
sooner  TTM  is  initiated,  the  better;  however  ani¬ 
mal  data  indicates  that  initiating  hypothermia 
after  12  h  has  no  benefit  [28].  This  must  be  tem¬ 
pered  with  the  realization  that  the  most  recent 
(and  best)  evidence  for  induction  of  pre-hospital 
therapeutic  hypothermia,  has  shown  that  despite 


reaching  target  temperature  sooner,  this  interven¬ 
tion  failed  to  translate  into  improved  survival  or 
neurologic  outcomes  [29]. 

Rewarming  and  Maintenance 
of  Normothermia 

The  recommendations  for  the  speed  of  rewarm¬ 
ing  and  avoidance  of  hyperthermia  after  rewarm¬ 
ing  are  still  somewhat  controversial.  They  are 
based  on  assumptions  and  observations  from 
both  laboratory  research  and  clinical  studies  indi¬ 
cating  a  correlation  between  worse  outcomes, 
markers  of  neuronal  damage  or  dysfunction  and 
damage  in  the  setting  of  pyrexia  [30-34]. 
However,  some  limited  clinical  data  do  not  sup¬ 
port  the  notion  of  slower  rewarming  resulting  in 
improved  neurologic  outcomes  [35].  The  recom¬ 
mendation  to  rewarm  at  0.25  °C  per  hour  is  based 
more  on  pre-clinical  data  and  the  concept  that 
there  are  no  significant  gains  from  rapid  rewarm¬ 
ing  and  there  may  be  some  clinical  benefit. 

Neurologic  Prognostication 

The  2006  practice  parameters  of  the  American 
Academy  of  Neurology  provide  specific  recom¬ 
mendations  for  the  prognostication  of  neurologic 
outcomes  for  cardiac  arrest  survivors;  however 
these  recommendations  are  based  mainly  on 
dated  observations  from  the  pre-therapeutic 
hypothermia  era.  This  practice  parameter  is 
endorsed  by  both  the  2008  ILCOR  [36]  and  the 
2010  AHA  guidelines  for  CPR  and  emergency 
cardiovascular  care  [7]  for  use  in  patients  not 
treated  with  hypothermia.  They  also  caution  on 
its  use  in  patients  treated  with  hypothermia  as 
available  parameters  are  less  reliable  for  predict¬ 
ing  poor  outcome  in  these  cases,  and  waiting  at 
least  72  h  before  making  prognostication  attempts 
is  recommended.  Delayed  neurologic  recovery 
beyond  72  h  has  been  well  documented  [37,  38]. 

Traditionally  the  clinical  exam  was  the  corner¬ 
stone  of  neuroprognostication.  An  exam  with 
absent  pupillary  or  corneal  reflexes  as  well  as 
extensor  or  absent  motor  response  on  post  arrest 
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day  three  is  considered  by  the  AAN  guidelines  to 
have  a  false  positive  rate  (FPR)  of  zero  with  a 
95  %  confidence  interval  (Cl)  of  0-3  for  predict¬ 
ing  a  poor  neurologic  outcome.  However,  in  the 
post  therapeutic  hypothermia  setting,  several 
studies  have  challenged  the  reliability  of  clinical 
testing  [16,  39-41].  It  was  also  common  to  equate 
the  presence  of  post  anoxic  status  myoclonus  in 
the  first  24  h  with  a  universally  poor  outcome; 
AAN  guidelines  assigned  this  finding  a  FPR  of 
zero  with  Cl  of  0-8.8,  however  more  recent  stud¬ 
ies  have  also  questioned  these  values  [16,  17]. 

Neuron  specific  enolase  is  the  most  commonly 
used  and  studied  biomarker  of  brain  injury  for 
prognostication  in  the  setting  of  hypoxic- 
ischemic  encephalopathy.  In  the  AAN  guidelines, 
a  NSE  value  >33  pg/L  obtained  within  the  first  72 
h  is  assigned  a  FPR  of  zero  with  a  Cl  of  0-3. 
Steffen  et  al.  [42]  have  questioned  the  cutoff 
value  in  patients  who  have  undergone  hypother¬ 
mia,  where  in  order  to  have  100%  specificity  the 
cutoff  needed  to  be  raised  to  78.9  pg/L.  They  did 
however  find  a  similar  cutoff  value  to  that  quoted 
by  the  AAN  guidelines  for  patients  who  were  not 
treated  with  therapeutic  hypothermia. 

Electroencephalography  (EEG)  and  SSEP  are 
the  most  common  electrophysiologic  study 
modalities  employed  in  neuroprognostication. 
EEG  has  been  evaluated  in  the  prognostication  of 
cardiac  arrest  survivors  [16,  43-45],  and  has  also 
led  to  some  important  clinical  discoveries  and 
emerging  data  seems  to  support  its  growing  util¬ 
ity  [46].  The  2006  AAN  practice  parameters 
assign  EEG  a  FPR  of  3%  with  a  Cl  of  0.9-11; 
making  it  the  least  predictive  method  to  predict 
neurologic  outcomes.  Abend  et  al.  [47]  pooled 
four  existing  studies  [16,  43,  44,  48]  on  EEG  in 
hypoxic-ischemic  encephalopathy  patients  who 
had  undergone  therapeutic  hypothermia  and 
found  that  29  %  of  these  patients  had  acute  elec¬ 
trographic  non-convulsive  status  epilepticus 
(NCSE).  This  has  important  clinical  repercus¬ 
sions  and  illustrates  the  need  for  continuous  elec- 
troencephalographic  (cEEG)  monitoring  of  these 
patients  until  they  recover  consciousness,  as 
aggressive  antiepileptic  treatment  should  be 
instated  to  avoid  falling  into  self  fulfilling  proph¬ 
ecies  equating  NCSE  to  a  poor  outcome  [49]. 


This  is  important,  as  6%  of  patients  in  Abend 
et  al.’s  [47]  pooled  sample  recovered  conscious¬ 
ness  including  several  with  minimal  residual  neu¬ 
rologic  deficits. 

In  contrast  to  the  established  guidelines  and 
practice  where  SSEP  is  considered  the  most 
accurate  ancillary  method  to  aid  clinical  diagno¬ 
sis  of  poor  neurologic  outcome  (FPR  0.7  %  Cl 
0-3.7),  a  recent  study  comparing  SSEP  and 
cEEG  by  Cloostermans  et  al.  [50]  found  EEG  to 
be  superior  in  terms  of  its  sensitivity  to  predict 
poor  neurologic  outcomes  in  hypoxic-ischemic 
encephalopathy  treated  with  therapeutic  hypo¬ 
thermia.  Leithner  et  al.  [51]  demonstrated  that 
neurologic  recovery  is  possible  despite  absent  or 
minimally  present  median  nerve  N20  responses 
(>24  h)  after  cardiac  arrest.  In  the  study  by 
Bouwes  et  al.  [39],  the  absence  of  N20  responses 
on  SSEP  during  the  hypothermia  therapy  had  a 
FPR  of  3  %. 

Imaging  studies  have  also  been  employed  for 
prognostication  mainly  in  the  form  of  brain  com¬ 
puted  tomography  (CT)  and  Magnetic  Resonance 
Imaging  (MRI).  The  use  of  imaging  has  not  yet 
been  formally  incorporated  into  any  guidelines 
however,  and  has  been  used  based  on  individual 
clinician  practice.  At  this  stage  these  tools  simply 
can  provide  supporting  information  in  an  overall 
multi-modal  prognostication  strategy,  no  deci¬ 
sions  should  be  made  based  on  solely  one  modal¬ 
ity,  but  particularly  not  based  on  imaging  alone. 
With  regards  to  a  multi-modal  prognostication 
algorithm,  there  is  no  clear  international  consen¬ 
sus  regarding  how  to  best  implement  such  a  pro¬ 
cess  [52,  53].  At  this  time  we  recommend  the  use 
of  a  multimodal  approach  based  on  individual 
center  experience,  expertise  and  available 
resources  taking  into  account  the  limitations  of 
all  existing  methods. 
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Case  Presentation 

A  58-year-old  male  with  unknown  past  medical 
history  was  admitted  to  the  intensive  care  unit 
after  he  had  a  witnessed  seizure  in  a  parking  lot. 
When  paramedics  arrived,  his  blood  pressure  was 
213/115  mmHg.  He  was  unresponsive.  CT  scan 
of  the  head  without  IV  contrast  showed  a  large 
right  parietal  lobe  hemorrhage  with  mild  midline 
shift.  Laboratory  exam  revealed  a  WBC  count  of 

13.2  x  109/L,  Hemoglobin  10.2  g/dL,  Platelets 
178,000  x  106/L.  Serum  creatinine  was  1.8  mg/ 
dL  and  blood  urea  nitrogen  (BUN)  41  mg/ 
dL.  Baseline  serum  creatinine  was  unknown. 
BMI  was  27.3.  An  indwelling  urinary  catheter 
was  placed  and  yielded  50  cc  of  urine.  He  was 
intubated  and  treated  with  calcium  channel 
blockers,  anti- seizure  medications  and  intrave¬ 
nous  fluid  resuscitation.  Twelve  hours  after 
admission,  he  had  produced  150  cc  of  urine,  and 
his  repeat  labs  showed  a  serum  creatinine  of 

2.2  mg/dL  and  a  BUN  of  47  mg/dL.  A  renal 
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ultrasound  showed  normal  sized  kidneys,  with 
increase  in  echogenicity  of  the  renal  cortex  com¬ 
pared  to  the  liver  parenchyma,  but  no  hydrone¬ 
phrosis.  Urinalysis  and  urine  microscopy  revealed 
1+  protein,  no  blood  or  cellular  casts. 

Question  What  establishes  the  diagnosis  of 
Acute  Kidney  Injury  in  this  case? 

Answer  Increase  in  serum  creatinine  and 
oliguria. 

Criteria  for  diagnosis  of  acute  kidney  injury 
(AKI)  include  a  1.5  fold  increase  in  serum  creati¬ 
nine  compared  to  baseline  (within  the  prior  7 
days),  an  absolute  increase  in  serum  creatinine 
(SCr)  by  0.3  mg/dL  (26.5  pmol/L)  or  more 
(within  48  h)  or  a  decrease  in  urine  output  to  less 
than  0.5  cc/Kg/h  for  6-12  h.  In  this  case,  SCr  was 
elevated  on  admission  (1.8  mg/dL),  but  it  was  not 
clear  whether  this  represented  acute  kidney  injury 
or  Chronic  Kidney  Disease  (CKD).  Low  urine 
output  through  the  indwelling  urinary  catheter 
initially  and  over  the  next  few  hours  after  admis¬ 
sion  was  an  important  first  clue  to  the  diagnosis 
of  AKI.  Subsequent  increase  in  SCr  by  >0.3  mg/ 
dL  (from  1.8  to  2.2  mg/dL)  confirmed  the  diag¬ 
nosis.  When  baseline  creatinine  is  not  known, 
both  renal  ultrasonography  and  urine  sediment 
examination  can  provide  useful  clues  on  the  acu¬ 
ity  of  kidney  injury.  In  this  case,  the  increase  in 
renal  cortex  echogenicity  and  presence  of  mild 
proteinuria  suggested  the  presence  of  some 
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degree  of  chronic  kidney  dysfunction  prior  to 
admission.  Therefore,  this  patient  probably  had 
acute  kidney  injury  superimposed  on  CKD. 

Principles  of  Management 

Serum  Creatinine  and  Urine  Output 

Despite  having  several  limitations,  changes  in 
serum  creatinine  and  urine  output  remain  the 
backbone  of  diagnosis  of  acute  kidney  injury.  In 
2004,  the  RIFLE  (Risk  Injury  Failure  Loss  End- 
stage  renal  disease)  criteria  were  published  [1], 
and  included  either  change  in  serum  creatinine 
(1.5  fold  increase  or  more)  or  urine  output  (less 
than  0.5  mL/Kg/h  for  6  h)  as  diagnostic  criteria 
for  AKI.  Including  both  urine  output  and  SCr  in 
the  definition  of  AKI  increased  the  sensitivity  of 
AKI  diagnosis  [2]  but  also  recognized  that  AKI 
can  be  non-oliguric  in  40-60%  of  cases  [3,  4]. 
Whether  actual  body  weight  or  ideal  body  weight 
should  be  used  to  judge  urine  output  is  a  subject 
of  debate.  Using  actual  body  weight  does  increase 
the  sensitivity  of  AKI  diagnosis  but  will  decrease 
specificity  [5].  One  shortcoming  of  the  RIFLE 
classification  was  its  inaccuracy  in  patients  with 
preexisting  CKD:  a  patient  with  a  baseline  SCr  of 

2.2  mg/dL  would  require  an  increase  in  SCr  to 

3.3  mg/dL  in  order  to  be  at  risk  for  AKI 
(RIFLE-R).  For  this  reason,  the  AKI  Network 
(AKIN)  proposed  a  modification  to  RIFLE  in 
2007  that  would  also  classify  AKI  when  a  small 
increase  in  creatinine  (0.3  mg/dl  or  greater)  is 
observed  in  a  short  period  of  time  (48  h  or  less) 
[6].  The  AKIN  group  indicated  two  important 
caveats:  excluding  urinary  obstruction  when 
urine  output  is  the  sole  criteria  used  to  define 
AKI,  and  application  of  diagnostic  criteria  only 
after  volume  status  has  been  optimized  [6].  In 
2012,  in  an  effort  to  harmonize  RIFLE,  AKIN 
and  pRIFLE  (a  modification  for  pediatrics), 
Kidney  Disease  Improving  Global  Outcomes 
(KDIGO)  proposed  a  unified  version  of  these 
rules  [7]  (Table  42.1). 

Blood  Urea  Nitrogen  (BUN)  is  commonly 
used  as  a  marker  for  AKI,  despite  being  affected 
by  many  non-renal  factors  (protein  intake,  cata- 


Table  42.1  Definition  of  AKI  per  KDIGO  guidelines 


Stage 

Serum  creatinine 

Urine  output 

1 

1.5-1. 9  times  baseline 

<0.5  ml/kg/h  for 

OR 

>0.3  mg/dl  (>26.5  pmol/1) 
increase 

6-12  h 

2 

2. 0-2. 9  times  baseline 

<0.5  ml/kg/h  for 
>12  h 

3 

3.0  times  baseline 

<0.3  ml/kg/h  for 

OR 

>24  h 

Increase  in  serum 

OR 

creatinine  to  >4.0  mg/dl 
(353.6  pmol/1) 

OR 

Initiation  of  renal 
replacement  therapy 

OR,  In  patients  <18  years, 
decrease  in  eGFR  to 
<35  ml/min  per  1.73  m2 

Anuria  for  >12  h 

Minimum  criteria  for  Acute  Kidney  Injury  include  an 
Increase  in  SCr  by  >0.3  mg/dl  (>26.5  pmol/1)  observed 
within  48  h;  or  an  Increase  in  SCr  to  >1.5  times  baseline, 
which  is  known  or  presumed  to  have  occurred  within  the 
prior  7  days;  or  Urine  volume  <0.5  ml/kg/h  for  6  h 

bolic  state,  volume  status  etc.).  The  ratio  of  BUN 
to  SCr,  similarly  to  urine  chemistry  (fractional 
excretion  of  sodium  and  urea)  and  urine  micros¬ 
copy  are  useful  tools  for  workup  of 
AKI.  Nonetheless,  BUN,  urine  studies  and  kid¬ 
ney  biopsy  are  rarely  helpful  in  establishing  the 
diagnosis  of  AKI  in  clinical  practice. 

Despite  the  usefulness  of  RIFLE,  AKIN  and 
KDIGO  criteria,  clinical  judgment  remains  a  key 
component  of  AKI  diagnosis.  Diagnostic  criteria 
provide  a  “frame  of  reference”  for  the  clinician 
and  are  essential  for  large  epidemiological  studies 
and  quality  improvement  projects.  Nevertheless, 
those  criteria  do  not  take  into  account  the  patient’s 
clinical  course  and  response  to  therapy,  which  are 
often  key  to  establishing  or  refuting  the  diagnosis 
of  AKI. 

Relationship  Between  Serum 
Creatinine  and  Urine  Output 

Several  studies  have  demonstrated  that  oliguric 
AKI  carries  a  worse  prognosis  compared  to  non- 
oliguric  AKI.  In  other  words,  the  presence  of  the 
two  components  of  the  definition  of  AKI  is 
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Table  42.2  Relationship  between  urine  output  and  serum  creatinine  criteria  and  clinical  outcomes 


Urine  Output  Only 


KDIGO  Stage 


Source:  Kellum  et  al.  [8] 

Shown  are  the  number  of  patients,  %  hospital  mortality,  and  %  renal  replacement  therapy  (RRT)  for  patients  by  maxi¬ 
mum  acute  kidney  injury  (AKI)  criteria  (UO,  SC,  or  both).  Colors  denote  similar  outcome  patterns 


associated  with  worse  outcomes  [3,  8].  Isolated 
oliguria  without  subsequent  increase  in  SCr  still 
appears  to  be  associated  with  a  decrease  in  1-year 
survival  [8].  These  results  further  validate  the 
role  of  urine  output  in  diagnosing  and  staging  of 
AKI  (Table  42.2). 


Differentiating  Between  AKI  and  CKD 

Renal  ultrasonography  is  a  useful  tool  for  differ¬ 
entiation  of  CKD  from  AKI.  When  no  informa¬ 
tion  about  baseline  renal  function  is  available, 
findings  such  as  a  small  kidney  size  and  an 
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increased  echogenicity  of  the  renal  cortex  com¬ 
pared  to  the  liver  parenchyma  are  good  surro¬ 
gates  of  chronic  irreversible  kidney  disease  [9]. 
The  caveat  here  is  that  one  cannot  rule  out  super¬ 
imposed  AKI  on  CKD.  Nevertheless,  this  remains 
useful  information  in  diagnosing  and  classifying 
the  severity  of  AKI.  Oliguria  and  anuria  are  sug¬ 
gestive  of  AKI.  Other  parameters  such  as  serum 
calcium  and  phosphorus,  intact  parathyroid  hor¬ 
mone  (iPTH)  levels  and  hemoglobin  are  less 
helpful  for  differentiation  between  AKI  and 
CKD.  A  group  in  Turkey  suggested  that  setting 
the  cutoff  for  intact  PTH  as  170  pg/mL  or  more 
could  be  a  sensitive  and  specific  way  to  distin¬ 
guish  CKD  from  AKI  [10]. 

Clinical  Use  of  Novel  Biomarkers 

There  is  currently  a  multitude  of  well-validated 
biomarkers  that  are  able  to  predict,  diagnose 
early,  differentiate  the  severity  and  provide  infor¬ 
mation  on  the  course  and  outcomes  of 
AKI.  Despite  reasonable  performance,  these  bio¬ 
markers  have  yet  to  become  established  in  clini¬ 
cal  practice,  despite  their  availability  in  certain 
regions  of  the  world  [11,  12].  The  10th  Acute 
Dialysis  Quality  Initiative  (ADQI)  meeting  in 
2014  examined  the  discrepancy  between  the 
number  of  biomarkers  that  have  been  validated 
and  their  limited  clinical  application  till  this 
moment  [13].  Ideally,  “damage  biomarkers” 
should  be  incorporated  with  “functional  bio¬ 
markers”  (such  as  urine  output,  SCr)  to  improve 
management  of  AKI.  Incorporation  of  AKI  bio¬ 
markers,  or  possibly  a  combination  of  those  bio¬ 
markers,  into  clinical  tools  (such  as  the 
incorporation  of  cardiac  troponins  in  the  TIMI 
risk  score  for  unstable  angina  and  non-ST  eleva¬ 
tion  myocardial  infarction)  that  will  guide  man¬ 
agement  of  AKI  is  the  next  step  for  those 
biomarkers.  Cost  is  also  a  consideration,  but  the 
costs  associated  with  current  practice,  which 
often  includes  testing  such  as  urine  chemistries, 
must  also  be  considered.  Finally,  the  costs  associ¬ 
ated  with  delayed  recognition  of  AKI  are  also 
likely  to  be  considerable.  In  late  2014,  the  US 


Food  and  Drug  Administration  announced  the 
clearance  of  the  first  biomarker  for  AKI,  urine 
[TIMP-2]  [IGFBP7]  (trade  name 
NephroCheck™).  The  extent  to  which  this  test 
changes  the  existing  paradigm  is  still  unknown 
but  the  test  characteristics  are  superior  to  previ¬ 
ous  markers  [10]. 

Evidence  Contour 

Some  questions  surrounding  the  diagnosis  of 
AKI  remain  subject  for  debate  and  for  further 
investigation. 

Determining  Baseline  Serum 
Creatinine 

KDIGO  guidelines  emphasize  the  use  of  relative 
changes  in  SCr  rather  than  absolute  numbers  for 
diagnosis  and  classification  of  AKI.  Determining 
baseline  SCr  is  therefore  a  necessary  step  to  the 
diagnosis  of  AKI.  It  is  not  uncommon  that  infor¬ 
mation  about  baseline  renal  function  is  not  avail¬ 
able,  especially  upon  initial  evaluation  of 
critically  ill  patients.  The  ADQI  group  suggested 
that  an  estimated  glomerular  filtration  rate 
(eGFR)  of  75  ml/mn/1.73  m2  be  assumed  for 
such  patients  and  calculating  their  baseline  SCr 
using  the  Modification  of  Diet  in  Renal  Disease 
(MDRD)  formula  [6].  The  problem  with  this 
method  is  that  CKD  is  one  of  the  most  important 
risk  factors  for  AKI  [14],  and  assuming  that 
patients  with  AKI  have  a  near-normal  baseline 
eGFR  will  under-estimate  their  baseline  SCr  and 
therefore  over-estimate  the  incidence  of  AKI 
[15].  Using  this  method  in  the  case  example 
would  have  resulted  in  overestimation  of  the 
severity  of  AKI  by  assuming  a  normal  eGFR  at 
baseline.  Thus,  this  method  should  be  avoided  in 
patients  with  a  suspicion  of  CKD.  Conversely, 
using  the  minimum  inpatient  SCr  or  the  admis¬ 
sion  SCr  tends  to  underdiagnose  AKI  and  is  also 
suboptimal  [15].  Multiple  imputation  is  a  com¬ 
monly  used  method  in  statistical  analyses  that 
uses  known  patient  characteristics  to  estimate 
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missing  data  points.  This  method  has  shown 
promise  in  its  ability  to  determine  baseline  SCr  in 
a  more  accurate  way  [16],  but  is  not  widely  used 
in  clinical  practice  to  this  date.  Currently  the  best 
method  will  depend  on  the  patient  in  question 
and  require  clinical  judgment. 

Imaging  Techniques  for  Diagnosis 
of  AKI 

Several  studies  have  examined  the  utility  of  resis¬ 
tive  indices  (RI)  through  renal  Doppler  ultraso¬ 
nography  in  diagnosing  or  predicting  AKI  prior  to 
alteration  of  functional  markers  such  as  urine  out¬ 
put  and  SCr  [17-19].  Unfortunately,  resistive 
indices  are  affected  by  a  wide  variety  of  factors 
[20,  21],  which  limits  their  specificity  and  useful¬ 
ness  in  the  clinical  setting.  Assessing  kidney  func¬ 
tion  or  GFR  through  imaging  is  also  an  appealing 
idea,  as  information  about  the  structure,  perfusion 
and  differential  function  of  both  kidneys  may  also 
be  obtained.  Functional  magnetic  resonance 
(functional  MR)  imaging  is  a  promising  tool  for 
evaluation  of  glomerular  filtration  rate  and  renal 
oxygenation  but  is  limited  by  need  for  exogenous 
contrast  media  and  is  still  largely  experimental 
[22].  Real-time  GFR  measurement  using  fluores¬ 
cent  markers  is  also  a  promising  method  but  is 
still  limited  to  animal  models  of  AKI  [23-25]. 
Contrast-enhanced  ultrasonography  (CEUS)  is  a 
new  technique  that  can  identify  alterations  in 
renal  perfusion  and  has  been  applied  in  renal 
transplantation  to  differentiate  between  rejection 
and  acute  tubular  necrosis.  CEUS  has  yet  to  be 
validated  for  AKI  in  the  ICU  setting  [26]. 

Emerging  Role  for  Novel  Biomarkers 

Recognizing  the  poor  sensitivity  of  functional 
markers  (urine  output  and  SCr)  for  early  diag¬ 
nosis  of  AKI,  there  has  been  a  growing  interest 
in  identifying  better  biomarkers  of  AKI. 
Biomarkers  can  be  divided  into  three  categories: 
those  that  detect  “functional  changes”  (SCr, 


urine  output  or  serum  cy statin  C),  those  that 
detect  “kidney  damage”  (urine  and  serum  neu¬ 
trophil  gelatinase-associated  lipocalin  [NGAL], 
kidney  injury  molecule  1  [KIM-1]  and  liver- 
type  fatty-acid  binding  protein  [LFABP]  among 
others),  and  those  that  detect  “kidney  stress” 
(urinary  insulin-like  growth  factor-binding  pro¬ 
tein  7  [IGFBP7]  and  tissue  inhibitor  of  metallo- 
proteinases-2  [TIMP-2]).  Measuring  “kidney 
damage”  while  urine  output  and  SCr  (functional 
markers)  are  still  within  normal  ranges  allows 
detection  of  “subclinical  AKI”.  On  the  other 
side,  “functional  AKI”  is  when  there  is  oliguria 
or  elevation  in  SCr,  but  damage  markers  have 
not  risen  yet.  This  could  well  represent  a  normal 
adaptive  mechanism  by  the  kidneys  in  response 
to  a  certain  stressor,  such  as  hypotension,  hypo¬ 
volemia  or  changes  in  renal  blood  flow.  Cell 
cycle  arrest  biomarkers  (such  as  TIMP-2  and 
IGFBP7)  have  been  suggested  to  detect  “kidney 
stress”  prior  to  the  incurrence  of  “damage”.  Cell 
cycle  arrest  is  a  protective  mechanism  that 
eukaryotic  cells  use  in  response  to  injury  and 
stress  to  halt  cell  division.  TIMP-2  and  IGFBP7 
are  expressed  in  tubular  cells  in  response  to 
DNA  and  other  signals,  increasing  the  expres¬ 
sion  of  p  proteins,  which  block  the  effect  of 
cyclin-dependent  protein  kinase  complexes, 
thereby  resulting  in  G1  cycle  arrest.  Prediction 
of  moderate  to  severe  AKI  (KDIGO  stage  2-3) 
12  h  after  the  sample  was  better  using  the 
[TIMP-2]  [IGFBP7]  product  compared  to  previ¬ 
ously  described  markers  [27].  The  “ideal  bio¬ 
marker”  would  be  one  that  will  rise  very  shortly 
after  the  episode  of  AKI,  improve  rapidly  with 
resolution  of  AKI,  have  a  high  sensitivity  and 
specificity,  be  highly  reproducible,  easily 
obtainable  and  most  importantly  be  able  to  pre¬ 
dict  severity  and  affect  management  and  out¬ 
comes.  Since  one  single  biomarker  is  unlikely  to 
provide  all  this  information,  a  combination  of 
biomarkers  has  often  been  used  in  clinical  trials 
[27,  28].  The  extent  of  which  current  and  future 
biomarkers  will  improve  the  existing  algorithm 
for  diagnosis  of  AKI  has  yet  to  be  determined 
(Fig.  42.1). 
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Fig.  42.1  Proposed  framework  for  evaluating  AKI  based 
on  Biomarkers.  A  combination  of  kidney  functional  and 
damage  markers  simultaneously  provides  a  simple  method 
to  stratify  patients  with  AKI.  At  initial  presentation, 
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Case  Presentation 

A  58-year-old  female  with  a  history  of  obesity, 
type  2  diabetes  mellitus,  essential  hypertension 
and  locally  advanced  uterine  cancer  was  admitted 
to  the  intensive  care  unit  with  fevers,  malaise, 
nausea  and  decreased  urine  output  over  the  last  2 
days.  Her  initial  evaluation  was  relevant  for  a 
blood  pressure  of  87/48,  pulse  of  92/min  and 
temperature  of  101.3  F  (38.5  C).  She  was  alert, 
but  appeared  ill  and  confused.  There  was  an 
implantable  venous  infusion  ‘port’  in  the  right 
chest,  no  rales,  costovertebral  angle  tenderness  or 
lower  extremity  edema.  Laboratory  exam 
revealed  a  WBC  count  of  17.8  x  109/L, 
Hemoglobin  of  8.8  g/dL,  Platelets  of  212,000  x 
106/L.  Serum  sodium  was  135  mEq/L,  potassium 
6.3  mEq/L,  chloride  100  mEq/L,  total  carbon 
dioxide  12  mEq/L,  blood  urea  nitrogen  (BUN) 
97  mg/dL  and  serum  creatinine  (SCr)  4.3  mg/ 
dL.  Serum  glucose  was  270  mg/dL  and  lactic 
acid  4.6  mEq/L.  She  had  an  indwelling  urinary 
catheter  placed  which  yielded  50  cc  of  urine. 
Blood  and  urine  cultures  were  sent.  She  was 
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started  on  broad- spectrum  intravenous  antibiot¬ 
ics  and  a  continuous  infusion  of  insulin. 

Question  What  are  the  basics  of  management  of 
Acute  Kidney  Injury  (AKI)  in  this  case? 

Answer  Ascertainment  and  treatment  of  the 
underlying  cause  together  with  prevention  of  fur¬ 
ther  injury  and  supportive  care  including  renal 
replacement  therapy. 

In  this  patient  with  septic  shock  the  treating 
physician  must  simultaneously  resuscitate  and 
treat  the  source  of  sepsis  while  ruling  out  other 
treatable  causes  of  AKI.  This  patient  is  in  shock  as 
evidenced  by  a  low  arterial  blood  pressure  (made 
more  profound  by  the  history  of  hypertension)  and 
hyperlactatemia  which  in  a  resting  patient  is  evi¬ 
dence  of  cellular  stress  likely  a  function  of  inade¬ 
quate  tissue  perfusion.  The  initial  management 
involves  the  infusion  of  intravenous  isotonic  crys¬ 
talloids  and  if  necessary,  vasopressors  may  be 
added  to  preserve  tissue  perfusion,  if  hypotension 
persists  despite  restoration  of  intravascular  vol¬ 
ume.  Care  should  be  taken  to  avoid  fluid  overload 
which  is  a  significant  risk  in  a  patient  with  AKI.  At 
the  same  time  unresuscitated  shock  will  injure 
multiple  tissues  including  the  kidneys. 

Sepsis  is  a  leading  cause  of  AKI  and  the  most 
likely  etiology  given  the  case  presented. 
However,  other  etiologies  need  to  be  excluded. 
For  example,  what  medications  was  the  patient 
taking?  In  addition,  timely  detection  and  relief 
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of  urinary  obstruction  is  important,  especially  in 
this  patient  with  a  history  of  locally  advanced 
gynecologic  cancer,  which  puts  her  at  risk  for 
ureteral  obstruction. 

Complications  of  AKI  such  as  hyperkalemia, 
volume  overload  and  metabolic  acidosis  are  man¬ 
aged  concomitantly.  Attention  must  be  paid  to 
prevent  further  injury  to  the  kidneys  (discontinu¬ 
ation  of  angiotensin  converting  enzyme  [ACE] 
inhibitors,  aldosterone  receptor  blockers  [ARBs], 
non-steroidal  anti-inflammatory  drugs  (NSAIDs), 
avoidance  of  radiographic  contrast  media  etc.) 
and  to  adjust  dosage  of  renally  excreted  medica¬ 
tions.  Renal  replacement  therapy  should  be  insti¬ 
tuted  when  (or  preferably  before)  complications 
from  AKI  arise  despite  medical  management. 
This  patient  was  treated  with  intravenous  boluses 
of  lactated  Ringer’s  (a  physiologically  balanced 
crystalloid  solution),  but  her  mean  arterial  pres¬ 
sure  (MAP)  remained  low  despite  fluid  resuscita¬ 
tion.  She  was  started  on  norepinephrine  with  a 
goal  to  keep  her  MAP  above  65-70  mmHg. 
Insulin  and  isotonic  fluids  were  used  to  correct 
hyperkalemia.  Repeat  potassium  was 
5.2  mEq/L.  A  renal  ultrasound  showed  normal 
kidney  size  with  no  hydronephrosis.  Twenty-four 
hours  after  presentation,  she  became  hypoxic 
(requiring  6  1  of  oxygen)  with  chest  x-ray  show¬ 
ing  pulmonary  edema.  She  was  given  IV  loop 
diuretics,  but  remained  oliguric,  and  her  SCr 
increased  to  5.1  mg/dL.  A  temporary  hemodialy¬ 
sis  catheter  was  placed  and  she  was  started  on 
continuous  venovenous  hemodiafiltration 
(CVVHDF)  at  a  dose  of  25  cc/Kg/h.  Five  days 
after  admission,  she  was  no  longer  requiring 
vasopressor  support  and  was  no  longer  volume 
overloaded.  Urine  output  progressively  increased, 
renal  replacement  therapy  was  discontinued,  and 
SCr  returned  to  her  baseline  value  of  1.1  mg/dL. 

Principles  of  Management 

Intravenous  Fluids  and  Vasopressors 

The  classic  paradigm  that  explains  acute  reduction 
in  glomerular  filtration  rate  (AKI)  in  critically  ill 
patients  is  centered  on  decreased  renal  perfusion 
that  exceeds  the  ability  of  kidneys  to  auto-regulate 


in  the  setting  of  shock.  Septic  shock,  major  sur¬ 
gery,  hypovolemia  and  heart  failure  are  the  leading 
causes  of  AKI  in  the  ICU  setting  [1]  and  are  all 
characterized  by  hypotension  and  shock.  Our 
understanding  of  the  pathophysiology  of  AKI  has 
markedly  improved  over  the  last  decade,  and  fac¬ 
tors  in  addition  to  decreased  renal  perfusion  such 
as  inflammation  and  microcirculation  dysfunc¬ 
tion  -  to  name  a  few  -  have  surfaced  as  important 
contributors  to  AKI.  Few  strategies  are  available  in 
clinical  practice  to  counteract  those  newly  recog¬ 
nized  factors,  and  reversal  of  shock  while  avoiding 
harm  from  fluid  overload  remains  the  most  widely 
accepted  first  step  in  management  of  AKI  in  such 
settings.  This  is  done  through  administration  of 
isotonic  intravenous  fluids  in  hypovolemic  condi¬ 
tions  or  in  vasoplegic  shock  (septic  shock,  severe 
pancreatitis,  anaphylaxis,  burns).  Several  factors 
should  be  kept  in  mind  when  administering  intra¬ 
venous  fluids  to  a  patient  with  AKI.  First,  that 
vasoplegic  shock  might  or  might  not  be  fluid- 
responsive.  Second,  that  restoration  of  renal  tissue 
perfusion  might  or  might  not  reverse  AKI,  espe¬ 
cially  in  the  presence  of  established  “damage”  to 
the  kidneys.  In  addition,  once  kidneys  are  injured, 
resuscitation  milestones  like  resolution  of  oliguria 
may  be  unreliable  [2].  Lastly,  intravenous  fluids 
can  lead  to  fluid  overload,  which  is  a  negative 
prognostic  factor  in  AKI.  This  is  especially  true 
for  elderly  individuals,  or  when  heart  failure  or 
cardiogenic  shock  is  suspected. 

Initial  concerns  that  the  use  of  vasoactive  medi¬ 
cations  (such  as  norepinephrine  and  vasopressin) 
might  cause  further  vasoconstriction  and  worsen¬ 
ing  AKI  by  reducing  renal  blood  flow  are  not  valid 
[3].  An  increase  in  renal  blood  flow  was  demon¬ 
strated  in  experimental  models  of  sepsis  when  dogs 
were  infused  with  norepinephrine  at  clinically  rel¬ 
evant  doses.  This  is  thought  to  be  a  result  of  an 
improvement  in  blood  pressure,  which  through  the 
baroreceptor  reflex  decreases  sympathetic  tone  and 
improves  renal  blood  flow  [4].  Norepinephrine  and 
vasopressin  have  also  been  used  in  conjunction 
with  intravenous  albumin  for  treatment  of  the  hepa¬ 
torenal  syndrome,  where  splanchnic  vasodilation  is 
thought  to  play  an  essential  role  in  the  development 
of  AKI.  A  meta-analysis  including  154  patients 
with  type  I  hepatorenal  syndrome  showed  similar 
rates  of  resolution  of  AKI  with  norepinephrine  plus 
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albumin  when  compared  to  terlipressin  (a  vaso¬ 
pressin  analogue)  plus  albumin,  with  lower  cost 
and  complication  rates  [5].  It  is  important  to  note 
that  despite  potential  reversal  of  AKI,  vasopressors 
have  a  questionable  effect  on  mortality  in  patients 
with  type  I  hepatorenal  syndrome,  and  that  liver 
transplantation  remains  the  mainstay  of  therapy  in 
this  condition. 

Consider  Alternative  Etiologies 
and  Specific  Treatments  for  AKI 

While  septic  shock  is  the  most  likely  etiology  of 
AKI  in  this  patient,  care  should  be  taken  not  to  miss 
other  important  causes.  Drugs  and  radiographic 
contrast  media  are  among  the  most  common  causes 
of  AKI,  and  nephrotoxicity  from  antimicrobial 
agents  is  an  important  contributor  [6].  Obstructive 
uropathy  is  an  uncommon  cause  of  AKI  in  the  ICU 
setting  [1].  Nevertheless,  it  is  a  potentially  revers¬ 
ible  cause  of  AKI,  and  should  be  suspected  and  alle¬ 
viated  in  the  appropriate  clinical  setting  (solitary 
kidney,  active  gynecologic,  gastrointestinal  or  uro¬ 
logical  cancer,  known  nephrolithiasis).  Systematic 
use  of  renal  ultrasonography  to  detect  hydronephro¬ 
sis  in  patients  with  AKI  is  not  recommended,  as  it  is 
unlikely  to  change  management  or  to  be  cost- 
efficient  [7].  Primary  or  secondary  glomerular  dis¬ 
eases  are  also  uncommon  causes  of  AKI  in  the 
ICU.  On  the  other  hand,  It  is  essential  to  suspect 
glomerular  disease  in  the  appropriate  clinical  set¬ 
ting  (proteinuria,  hematuria,  multi-organ  involve¬ 
ment),  as  specific  treatments  like  immunosuppressive 
agents  and  plasma  exchange  can  often  alter  the 
course  of  AKI  [8].  Similarly,  specific  treatments 
may  exist  for  other  etiologies  of  AKI,  such  as  the 
hepatorenal  syndrome,  cardiorenal  syndrome  or 
acute  interstitial  nephritis,  but  are  beyond  the  scope 
of  this  chapter. 

Prevention  of  Further  Injury 

The  lack  of  effective  therapies  to  reverse  AKI 
makes  prevention  of  further  kidney  damage  an 
essential  step  in  management.  Radiocontrast 
agent  use  is  avoided  whenever  possible.  This  can 
be  done  through  use  of  alternate  imaging  modali¬ 


ties  or  use  of  non-nephrotoxic  radiocontrast 
agents  such  as  carbon  dioxide  if  available  [9] .  In 
cases  where  use  of  radiocontrast  agent  is  unavoid¬ 
able,  the  dose  of  contrast  agent  administered  is 
minimized,  and  isotonic  intravenous  fluids  are 
given  before  and  after  radiocontrast  administra¬ 
tion.  In  patients  with  AKI,  drugs  such  as  NSAIDs, 
ACE  inhibitors,  ARBs,  aminoglycosides,  ampho¬ 
tericin  B  and  intravenous  acyclovir  should  be 
avoided  whenever  possible.  Scleroderma  renal 
crisis  is  an  exception  to  this  rule,  as  ACE  inhibi¬ 
tors  (captopril)  are  considered  the  treatment  of 
choice  despite  the  common  presence  of 
AKI.  Failing  to  adjust  dosage  of  renally  elimi¬ 
nated  medications  in  AKI  is  common  and  fre¬ 
quently  leads  to  adverse  drug  events.  Worsening 
AKI  and  hypotension  appear  to  be  the  most  com¬ 
mon  preventable  adverse  drug  events  [10]. 
Special  attention  to  medication  dosage  is  there¬ 
fore  essential  in  AKI,  especially  for  certain  medi¬ 
cation  classes  such  as  antimicrobials,  opiates  and 
antithrombotics  (Fig.  43.1). 

Diuretics 

Loop  diuretics  have  been  hypothesized  to 
improve  AKI  through  washing  the  debris  block¬ 
ing  renal  tubules  and  decreasing  oxygen  con¬ 
sumption  at  the  tubular  level  [11].  Those  theories 
have  been  disproved  by  randomized  controlled 
trials,  and  Kidney  Disease  Improving  Global 
Outcomes  (KDIGO)  guidelines  recommends 
against  the  use  of  diuretics  for  prevention  or 
treatment  of  AKI  [12].  Nevertheless,  diuretics  are 
still  commonly  used  in  patients  with  AKI14,  usu¬ 
ally  to  help  manage  volume  overload.  Patients 
with  both  AKI  and  acute  lung  injury,  for  exam¬ 
ple,  might  benefit  from  loop  diuretics  as  part  of  a 
lung-protective  ventilation  strategy  [14].  Another 
possible  role  for  loop  diuretics  in  AKI  is  in 
patients  with  decompensated  heart  failure  or  the 
cardiorenal  syndrome.  Response  to  diuretics  in 
this  syndrome  varies,  as  SCr  might  increase,  stay 
the  same  or  improve.  Two  explanations  have 
been  proposed  for  the  improvement  in  SCr  in 
patients  with  decompensated  heart  failure  and 
AKI  that  receive  diuretics:  reduction  in  intra¬ 
abdominal  and  renal  venous  pressure,  and 
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AKI  Stage 


High  Risk 


3 


Discontinue  ail  nephrotoxic  agents  when  possible 


Ensure  volume  status  and  perfusion  pressure 


Consider  functional  hemodynamic  monitoring 


Monitor  Serum  creatinine  and  urine  output 


Avoid  hyperglycemia 

Consider  alternatives  to  radiocontrast  procedures 


Non-invasive  diagnostic  workup 


Consider  invasive  diagnostic  workup 


Check  for  change  in  drug  dosing 


Consider  Renal  Replacement  Therapy 


Consider  ICU  admission 


Avoid  subclavian  catheters  if  possible 


Fig.  43.1  Stage-based  management  of  AKI  (From  Section  2:  AKI  Definition.  Kidney  Int  Suppl  2012;2(1):  19-36. 
Reprinted  with  permission  from  Elsevier) 


improvement  of  LV  filling  and  therefore  cardiac 
output  through  reduction  of  RV  dilation  (ventric¬ 
ular  interdependence).  The  effect  of  diuretic  ther¬ 
apy  on  survival  in  patients  with  the  cardiorenal 
syndrome  is  not  well  established  and  requires 
further  exploration.  It  is  important  to  remember 
that  judicious  use  of  intravenous  fluids  will  often 
avoid  the  need  for  diuretics. 

Medical  Management 
of  Complications  of  AKI 

Volume  overload,  hyperkalemia,  metabolic  aci¬ 
dosis,  hyperphosphatemia,  hypocalcemia  and 
bleeding  disorders  are  the  main  complications  of 
AKI.  Their  management  is  an  integral  part  of 
treating  AKI.  Volume  overload  is  often  managed 
with  IV  loop  diuretics  (see  “Diuretics”  above). 


Nevertheless,  a  trial  of  diuretics  should  not  be 
viewed  as  a  mandatory  prerequisite  prior  to  the 
initiation  of  renal  replacement  therapy.  Prompt 
initiation  of  dialysis  in  an  anuric  patient  with 
severe  volume  overload  would  be  a  good 
example.  Hyperkalemia  is  commonly  seen  in  oli¬ 
guric  patients  with  active  tissue  breakdown,  such 
as  tumor  lysis  syndrome  and  rhabdomyolysis. 
Because  hyperkalemia  is  often  asymptomatic,  its 
first  manifestations  can  often  be  ventricular  dys¬ 
rhythmias  and  death,  which  is  why  it  should  rap¬ 
idly  be  recognized  and  promptly  treated. 
Transient  and  rapidly  acting  therapies  include 
intravenous  insulin  plus  glucose  (if  serum  glu¬ 
cose  is  less  than  250  mg/dL)  and  beta-2  agonists 
such  as  high-dose  nebulized  albuterol  (10- 
20  mg).  A  continuous  infusion  of  intravenous 
bicarbonate  can  lower  potassium  levels  after  4-6 
h  in  patients  with  metabolic  acidosis  [15].  It  is 
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not  efficacious  in  the  first  hour  of  infusion  and  is 
not  recommended  for  rapid  treatment  of  hyperka¬ 
lemia  [16].  A  calcium  infusion  is  administered  to 
decrease  the  incidence  of  cardiac  dysrhythmias 
when  EKG  changes  such  as  prolonged  QRS 
interval  or  absence  of  P  waves  are  present. 
Metabolic  acidosis  often  complicates  AKI,  but 
can  also  result  from  shock  and  lactic  acidosis,  or 
chloride  administration,  all  of  which  are  com¬ 
monly  present  with  AKI.  Use  of  exogenous 
bicarbonate  for  the  treatment  of  metabolic  acido¬ 
sis  is  very  controversial,  and  is  usually  reserved 
for  severe  acidosis  with  an  arterial  pH  <7.1. 
Bicarbonate  infusions  can  cause  symptomatic 
hypocalcemia  (decreased  ionized  calcium 
through  increased  binding  of  calcium  to  albumin) 
with  potential  cardiotoxicity,  hypernatremia,  vol¬ 
ume  overload  and  an  increase  in  arterial  and  tis¬ 
sue  capillary  PC02.  The  rationale  behind  the  use 
of  bicarbonate  therapy  is  that  severe  acidemia 
(pH < 7.1)  is  associated  with  hemodynamic  insta¬ 
bility  and  impaired  response  to  catecholamines 
[17].  Severe  hyperphosphatemia  can  potentially 
cause  symptomatic  hypocalcemia  through  pre¬ 
cipitation  of  calcium  and  phosphate.  Use  of  oral 
phosphate  binders  to  treat  hyperphosphatemia  in 
AKI  is  based  on  expert  opinion  as  there  is  no 
clear  evidence  that  such  treatment  improves 
outcomes. 

Renal  Replacement  Therapy 

Dialysis  is  the  treatment  of  choice  for  severe 
AKI,  or  when  complications  of  AKI  fail  to 
respond  to  medical  therapy.  Commonly  accepted 
indications  for  initiation  of  renal  replacement 
therapy  (RRT)  include  hyperkalemia  (potas¬ 
sium  >6.5  mEq/L  or  rapidly  increasing  despite 
medical  therapy),  metabolic  acidosis  (pH <7.1 
despite  bicarbonate  therapy),  volume  overload 
unresponsive  to  diuretics,  uremic  symptoms  and 
signs  (pericarditis,  altered  mental  status  without 
an  alternative  explanation  to  uremia)  and  AKI  in 
the  setting  of  certain  intoxications  (such  as  ethyl¬ 
ene  glycol,  methanol  or  lithium).  KDIGO  guide¬ 
lines  recommend  considering  the  clinical  context 
and  trend  of  laboratory  exams  rather  than  a  single 


cutoff  for  BUN  and  SCr  when  making  the  deci¬ 
sion  to  initiate  RRT  [12].  The  two  commonly 
used  modalities  for  RRT  in  the  ICU  setting  are 
intermittent  hemodialysis  (iHD)  and  continuous 
renal  replacement  therapy  (CRRT).  The  use  of 
hemofiltration  in  CRRT  offers  the  theoretical 
advantage  of  “convective”  clearance  of  middle¬ 
weight  molecules,  which  is  not  well  achieved 
with  “diffusive”  clearance  of  iHD.  Inflammatory 
mediators  and  cytokines  are  examples  of  middle- 
sized  molecules  that  are  thought  to  have  a  delete¬ 
rious  role  in  septic  patients.  Randomized 
prospective  trials  have  failed  to  show  any  superi¬ 
ority  of  CRRT  to  iHD  in  terms  of  survival  and 
recovery  of  renal  function  [18,  19].  CRRT  offers 
the  potential  advantages  of  less  hypotension  and 
more  efficient  volume  removal  in  hemodynami- 
cally  unstable  patients  [20],  but  this  does  not 
translate  into  increased  survival  compared  to 
iHD.  The  choice  of  modality  remains  dependent 
on  staff  and  equipment  availability  and  differ¬ 
ences  in  comfort  level  and  expertise.  Higher 
intensity  hemodialysis  does  not  seem  to  improve 
mortality  or  recovery  of  renal  function  and  is 
associated  with  more  electrolyte  abnormalities 
such  as  hypophosphatemia  [21].  A  delivered 
effluent  volume  of  20-25  cc/Kg/h  is  recom¬ 
mended  for  CRRT  (Fig.  43.2). 

Evidence  Contour 

Choice  of  Intravenous  Fluid  Solution 

The  best  type  of  intravenous  fluids  for  manage¬ 
ment  of  AKI  has  been  intensely  investigated  but 
remains  controversial.  KDIGO  recommends 
using  isotonic  crystalloids  rather  than  colloids  for 
volume  expansion,  in  the  absence  of  hemorrhagic 
shock  [12].  This  is  based  on  higher  cost  of  intra¬ 
venous  albumin  solutions  and  a  randomized  con¬ 
trol  trial  of  nearly  7000  patients  that  showed  no 
difference  in  outcomes  between  resuscitation 
with  4%  human  albumin  and  isotonic  saline  28 
days  after  randomization  [22].  Other  colloid  for¬ 
mulations  such  as  hydroxy ethylstarch  (HES) 
have  no  added  benefit  to  isotonic  crystalloids 
[23]  and  should  be  avoided,  as  there  is  a  concern 
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Replacement  fluid 
(post-filter) 


Replacement  fluid 
(pre-filter) 
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(Waste) 
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Fig.  43.2  Continuous  renal  replacement  therapy  circuits, 
(a)  In  continuous  veno-venous  hemofiltration  (CVVH  - 
blue),  blood  purification  is  achieved  through  “convection”. 
The  blood  pump  generates  a  pressure  that  allows  passage 
of  plasma  water  through  the  filter.  Water  drags  toxins  and 
electrolytes  (solvent  drag).  Replacement  fluids  are  given 
before  and/or  after  the  filter  to  prevent  volume  and  electro¬ 
lyte  losses,  (b)  In  continuous  veno-venous  hemodialysis 
(CVVHD  -  green),  blood  purification  is  achieved  through 
“diffusion”.  A  toxin-free  fluid  with  appropriate  amounts  of 


electrolytes  (dialysate)  is  pumped  across  the  filter.  Blood 
circulates  inside  the  filter’s  hollow  fibers,  while  dialysate 
circulates  countercurrently  outside  of  those  fibers.  Toxins 
and  electrolyte  follow  a  concentration  gradient  across  this 
semi-permeable  membrane  and  are  eliminated  through  dif¬ 
fusion.  There  is  no  need  for  replacement  fluids  as  there  is 
no  water  loss  or  hemofiltration  (c)  Continuous  veno- 
venous  hemodiahltration  (CVVHDF  -  blue  and  green)  is  a 
combination  of  both  methods.  Both  diffuse  and  convection 
are  used  for  blood  purification 


for  increased  risk  of  AKI  and  mortality  when 
such  solutions  are  used  in  sepsis  [24].  Isotonic 
normal  saline  has  supra-physiologic  contents  of 
chloride:  normal  plasma  has  roughly  100  mEq/L 
of  chloride  compared  to  142  mEq/L  of  chloride 
added  to  the  plasma  when  1  L  of  0.9  %  sodium 
chloride  is  administered  (only  92  %  of  plasma  is 
water).  In  a  prospective  study,  a  chloride-liberal 
strategy  was  associated  with  higher  rates  of  AKI 
and  need  for  RRT  [25].  Avoidance  of 
hyperchloremia  and  chloride-induced  metabolic 
acidosis  is  an  argument  used  by  proponents  of 
more  physiologic  or  “balanced”  solutions. 
Lactated  Ringer’s  is  a  commonly  used  balanced 


solution  (contains  109  mEq/L  of  chloride),  but  is 
slightly  hypotonic,  and  is  limited  by  the  fact  that 
it  contains  calcium,  which  prevents  its  co-admin¬ 
istration  with  blood  products.  Non-calcium  con¬ 
taining  physiologic  solutions  such  as  plasmalyte 
are  gaining  popularity  but  have  yet  to  show  supe¬ 
riority  compared  to  normal  saline  using  hard  out¬ 
comes  such  as  mortality  or  need  for  RRT.  A 
recent  RCT  that  compared  small  volumes 
(approximately  2  L)  of  saline  to  plasmalyte  in 
relatively  low-risk  patients  failed  to  demonstrate 
any  advantage  with  plasmalyte  [26] .  The  amount 
of  potassium  that  lactated  Ringer’s  or  plasmalyte 
contain  is  too  small  to  cause  clinically  significant 
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Table  43.1  Composition  of  commonly  used  crystalloid  and  colloid  solutions 


0.9  %  saline 

Lactated  Ringer’s 

Plasmalyte 

Albumin  (human)  5  % 

Sodium  (mEq/L) 

154 

130 

140 

130-160 

Chloride  (mEq/L) 

154 

109 

98 

Acetate  (mEq/L) 

27 

Lactate  (mEq/L) 

28 

Gluconate  (mEq/L) 

23 

Calcium  (mEq/L) 

3 

Potassium  (mEq/L) 

4 

5 

Magnesium  (mEq/L) 

1.5 

Protein  (g/L) 

50 

increases  in  serum  potassium  values.  In  kidney 
transplant  recipients  for  example,  normal  saline 
was  found  to  be  associated  with  more  hyperkale¬ 
mia  compared  to  lactated  Ringer’s  [27].  This  can 
be  due  to  transcellular  shifts  of  potassium  associ¬ 
ated  with  hyperchloremic  acidosis  (Table  43.1). 

Nutrition  in  AKI 

Initial  reports  suggested  that  early  enteral  nutri¬ 
tion  (within  48  h  from  illness)  could  be  beneficial 
in  critically  ill  patients,  at  least  in  decreasing  the 
rate  of  infections  [28].  This  remains  controver¬ 
sial,  especially  with  a  recent  large  randomized 
trial  showing  no  difference  in  mortality  or  infec¬ 
tions  between  early  nutrition  through  the  enteral 
or  parenteral  routes  [29].  Patients  with  AKI, 
especially  those  who  require  RRT,  have  protein 
hypercatabolism,  which  is  driven  by  inflamma¬ 
tion,  stress  and  acidosis.  They  frequently  have 
protein-calorie  malnutrition  [30],  which  is  why 
they  have  been  thought  to  be  a  group  that  might 
particularly  benefit  from  early  nutrition.  This  was 
confirmed  by  a  large  prospective  study  examin¬ 
ing  predictors  of  mortality  in  AKI  patients,  where 
patients  who  received  enteral  nutrition  had  an 
increased  chance  of  survival  [31]. 

Tight  Glycemic  Control 

Hyperglycemia  is  associated  with  worse  out¬ 
comes  in  critically  ill  patients,  including  patients 
with  AKI  [32].  Whether  hyperglycemia  is  a  con¬ 
tributor  to  those  outcomes  or  only  a  marker  of 


disease  severity  is  unclear.  Initial  reports  indicat¬ 
ing  less  need  for  RRT  with  intensive  insulin  ther¬ 
apy  in  patients  with  AKI  [33]  were  disproved  by 
a  large  randomized  controlled  trial  [34] .  Glycemic 
control  is  probably  beneficial  in  patients  with 
AKI,  but  blood  sugar  values  of  140-180  mg/dL 
should  be  targeted  rather  than  80-110  mg/ 
dL.  The  latter  target  is  associated  with  a  higher 
risk  of  hypoglycemia  and  death  [35]. 

Vasodilators  and  Growth  Factor 
Interventions 

Use  of  agents  that  cause  renal  vasodilation  has 
been  attempted  to  treat  AKI.  Low-dose  dopamine 
has  been  studied  in  patients  with  AKI  in  different 
clinical  settings.  A  placebo-controlled  random¬ 
ized  study  confirmed  previous  findings  that  low- 
dose  dopamine  offers  no  benefit  in  the  treatment 
of  AKI  [36].  Other  agents  such  as  fenoldopam, 
atrial  natriuretic  peptide  (ANP)  and  growth  fac¬ 
tors  (recombinant  human  IGF-1)  do  not  appear  to 
be  beneficial  neither,  and  KDIGO  recommends 
against  their  use  in  clinical  practice  [12]. 

Early  Initiation  of  Dialysis 

Prophylactic  dialysis  is  the  initiation  of  RRT  in 
critically  ill  patients  with  AKI  prior  the  develop¬ 
ment  of  “life-threatening  complications”  such  as 
hyperkalemia,  volume  overload  and  acidosis.  The 
role  of  such  practice  remains  controversial  and 
has  not  been  validated  in  well-designed  and  ade¬ 
quately  powered  prospective  randomized  trials. 
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Retrospective  analyses  of  large  observational 
cohorts  indicated  that  initiation  of  dialysis  with  a 
lower  level  of  BUN  (less  than  76  mg/dL)  provided 
a  survival  benefit  [37].  Another  report  indicated 
that  initiation  of  dialysis  if  urine  output  was  less 
than  100  cc  for  8  h  after  cardiac  surgery  was  asso¬ 
ciated  with  better  survival  [38].  This  contrasts  to  a 
randomized  controlled  trial  that  included  208 
patients  with  AKI,  and  failed  to  show  a  survival 
benefit  or  a  decrease  in  need  for  RRT  after  3 
months  in  the  group  that  received  early  dialysis 
[39].  The  small  number  of  patients  included  in  this 
trial  does  not  make  it  powered  enough  to  refute  the 
potential  benefit  of  early  initiation  of  dialysis. 
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Case  Presentation 

A  24-yo  Hispanic  female  (gravida  3,  para  2)  was 
admitted  to  a  community  hospital  in  the  24th  week 
of  pregnancy  with  complaints  of  shortness  of 
breath  and  hemoptysis  for  3  days.  Her  past  medical 
history  was  significant  for  hypertension,  systemic 
lupus  erythematosus  (SLE),  and  lupus  nephritis 
(WHO  type  2).  SLE  was  diagnosed  2  years  prior  to 
this  admission  and  she  was  treated  with  a  short 
course  of  oral  prednisone  and  azathioprine  which 
lead  to  complete  remission.  She  did  not  have  any 
history  of  nicotine,  alcohol  or  illicit  drug  abuse.  On 
physical  exam  she  was  found  to  have  bilateral 
pleural  effusions  and  distant  heart  sounds. 
Laboratory  data  were  significant  for  hemolytic 
anemia  with  a  hematocrit  of  19%,  increased  lac¬ 
tate  dehydrogenase  (LDH)  levels,  leukopenia,  and 
mild  acute  kidney  injury  with  a  serum  creatinine  of 
1.3  mg/dL.  Echocardiogram  revealed  presence  of 
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pericardial  effusion  without  any  evidence  of  tam¬ 
ponade.  SLE  flare  was  suspected  and  she  received 
intravenous  methylprednisolone  250  mg/day.  On 
the  third  day  of  admission,  patient  presented  with 
respiratory  failure  and  was  intubated.  Sedation  was 
maintained  by  propofol  infusion  (ranging  from  5.5 
to  7.1  mg/kg/h)  while  patient  was  on  mechanical 
ventilation.  The  following  day  she  was  transferred 
to  a  tertiary  care  hospital  for  further  evaluation  and 
management. 

At  the  time  of  transfer,  the  temperature  was 
37.0  °C,  the  pulse  was  98,  and  the  blood  pressure 
was  111/49  mmHg.  The  patient  was  receiving 
ventilatory  assistance.  Urinalysis  revealed  turbid 
and  amber  urine,  with  a  specific  gravity  of  1.014, 
and  3+  for  protein;  the  sediment  contained  greater 
than  100  RBCs  and  30  WBCs,  with  numerous 
granular  casts  per  low-power  field.  Laboratory 
tests  are  summarized  in  Tables  44.1  and  44.2.  An 
electrocardiogram  showed  a  normal  sinus  rhythm 
at  a  rate  of  89,  with  non-specific  T  wave  alterations 
in  the  precordial  leads.  Arterial  blood  gas  while 
the  patient  was  receiving  70%  oxygen  revealed  a 
pH  of  7.41,  a  partial  pressure  of  oxygen  of 
70  mmHg,  and  a  partial  pressure  of  carbon  dioxide 
of  25  mmHg.  Abdominal  ultrasound  was  normal 
with  an  intrauterine  pregnancy.  Echocardiogram 
demonstrated  moderate  pericardial  effusion 
(18  mm  posterior)  with  no  evidence  of  hemody¬ 
namic  compromise.  Left  and  right  ventricular  size 
and  systolic  function  were  normal.  Serologic  test¬ 
ing  was  positive  for  antinuclear  antibodies,  anti¬ 
native  DNA  antibodies,  anti-ribonuclear  protein 
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Table  44.1  Blood  chemical  values 


Day  1 

3:30 

Day  1 
18:30 

Day  2 
3:30 

Day  2 

16:15 

Day  2 
23:30 

Day  3 

1:00 

Day  3 

2:38 

Blood  Urea  nitrogen  (mg/dl) 

49 

53 

55 

61 

65 

68 

Creatinine  (mg/dl) 

1.6 

1.4 

1.5 

2.7 

3.1 

3.4 

Albumin  (g/dl) 

1.6 

Glucose 

189 

193 

153 

151 

152 

192 

Sodium  (mmol/1) 

134 

135 

135 

134 

134 

140 

134 

Potassium  (mmol/1) 

4.3 

3.5 

3.4 

5.3 

7.1 

5.5 

7 

Chloride  (mmol/1) 

109 

100 

100 

100 

104 

100 

Carbon  dioxide  (mmol/1) 

19 

26 

25 

19 

13 

19 

Calcium  (mg/dl) 

6.1 

5.7 

6.6 

5.8 

10.3 

6.2 

Phosphorus  (mg/dl) 

7.2 

5.2 

5.8 

9.8 

14.4 

Aspartate  aminotransferase  (U/l) 

14 

Alanine  aminotransferase  (U/l) 

19 

Lactate  dehydrogenase  (U/l) 

732 

1682 

Alkaline  phosphatase  (U/l) 

73 

Creatinine  kinase  (U/l) 

<25 

134756 

Creatine  kinase-MB 
(ng/mL) 

1.5 

545 

Troponin  T  (U/l) 

<0.01 

PH 

7.41 

7.27 

7.48 

7.42 

pC02 

36 

27.8 

27.9 

26.4 

Table  44.2  Hematologic  values 


Day  1 

3:30 

Day  1 
18:30 

Day  2 

3:30 

Day  2 
16:15 

Day  2 
23:30 

Day  3 
1:00 

Day  3 

2:38 

Hematocrit  (%) 

19 

23 

24 

40 

43 

43 

Mean  corpuscular  volume  (pm3) 

93 

90 

84 

84 

83 

81 

Haptoglobin 

Normal 

White-cell  count  (per  mm3) 

19,600 

16,000 

11,000 

23,000 

21,000 

22,000 

Differential  count  (%) 

Neutrophils 

89 

84 

95 

91 

Band  forms 

1 

14 

0 

0 

Lymphocytes 

6 

2 

4 

5 

Monocytes 

4 

0 

1 

4 

Eosinophils 

0 

0 

0 

0 

Basophils 

0 

0 

0 

0 

Platelet  count  (per  mm3) 

175,000 

134,000 

119,000 

250,000 

227,000 

251,000 

Prothrombin  time  (s) 

11.8 

Partial-thromboplastin  time  (s) 

29 

antibodies  and  anti-smith  antibodies.  Complement 
CH50  was  <10  U/ml  and  antineutrophil  cytoplas¬ 
mic  antibodies  were  absent. 

Based  on  the  patient’s  clinical  presentation, 
coupled  with  her  past  medical  history  and  sero¬ 
logical  data,  the  diagnosis  of  lupus  flare  was  made. 


Treatment  with  intravenous  methylprednisolone 
at  the  dose  of  1000  mg/day  was  then  initiated. 
Supportive  therapy  included  blood  transfusions, 
empirical  antibiotics  (ampicillin  and  sulbactam), 
and  mechanical  ventilation  with  sedation  by  pro¬ 
pofol  drip  at  a  mean  rate  of  6  mg/kg/h.  She  was 


44  Rhabdomyolysis 


395 


Fig.  44.1  Skeletal  muscle  biopsy  revealed  acute  diffuse 
rhabdomyolysis  with  nuclear  drop-out,  hyaline-like  myo¬ 
cytes  with  loss  of  striations,  acute  inflammation  and 
edema 

also  receiving  dopamine,  aspirin,  erythropoietin, 
and  pantoprazole.  On  the  third  hospital  day,  she 
presented  with  sudden  onset  of  hypotension  and 
tachyarrhythmia  necessitating  initiation  of  vaso¬ 
pressors  for  hemodynamic  support.  Laboratory 
work-up  revealed  serum  creatine  kinase  (CK) 
level  rising  to  134,756  U/L,  severe  hyperkalemia, 
new-onset  high  anion-gap  metabolic  acidosis,  and 
worsening  acute  kidney  injury  (AKI)  (Table  44.1). 

Question  What  is  the  evidence  based  approach 
to  manage  this  patient’s  acute  kidney  injury? 

Answer  In  the  absence  of  any  other  etiology  for 
rhabdomyolysis,  the  diagnosis  rhabdomyolysis 
due  to  propofol  was  made  and  propofol  drip  was 
immediately  discontinued. 

Due  to  her  metabolic  abnormalities  (hyperka¬ 
lemia,  metabolic  acidosis)  and  worsening  renal 
failure  a  decision  was  made  to  initiate  renal 
replacement  therapy.  However,  while  preparing 
patient  for  renal  replacement  therapy,  her  hyper¬ 
kalemia  worsened  in  spite  of  medical  treatment 
and  within  2  hours  (h)  she  developed  ventricular 
tachycardia  rapidly  followed  by  cardiac  arrest 
and  death.  Autopsy  was  performed  and  con¬ 
firmed  histologic  evidence  of  rhabdomyolysis  in 
skeletal  muscles  (Fig.  44.1). 


Principles  of  Management 

There  is  a  lack  of  level  I  evidence  from  which  the 
best  management  plans  for  rhabdomyolysis  may 
be  derived.  In  fact,  no  randomized  controlled  tri¬ 
als  studying  treatment  of  rhabdomyolysis  have 
been  conducted,  and  most  evidence  is  based  on 
retrospective  clinical  studies,  case  reports  and 
animal  models. 

Diagnosis 

Rhabdomyolysis  involves  damage  to  the  skeletal 
muscle  fibers  and  the  release  of  toxic  intracellular 
contents  into  the  circulation.  The  causes  of  rhabdo¬ 
myolysis  are  summarized  in  Table  44.3.  The  clini¬ 
cal  spectrum  of  Rhabdomyolysis  is  rather  wide  and 
variable.  The  classic  triad  of  symptoms  including 
muscle  weakness,  pain  and  reddish  brown  urine  are 
present  in  less  than  50  %  of  the  patients  [1,2].  Most 
frequently,  the  involved  muscle  groups  are  the  pos¬ 
tural  muscles  of  the  thighs,  calves  and  lower  back 
[3].  Nonspecific  systemic  symptoms,  such  as  mal¬ 
aise,  fever,  abdominal  pain,  nausea  and  vomiting 
may  also  be  seen.  Apart  from  history  and  physical 
examination  a  definitive  diagnosis  can  be  made  by 
laboratory  studies  including  serum  creatine  kinase 
(CK)  and  urine  myoglobin  levels.  In  some  cases  a 
skeletal  muscle  biopsy  can  also  be  used  to  confirm 
the  diagnosis  [4]. 

CK  rises  in  rhabdomyolysis  within  12  h  of  the 
onset  of  muscle  injury,  peaks  in  1-3  days,  and 
declines  3-5  days  after  the  cessation  of  muscle 
injury.  Although  various  values  of  CK  have  been 
postulated  to  define  rhabdomyolysis,  the  magnitude 
of  elevation  is  rather  arbitrary;  and  there  is  no  cut¬ 
off  value  that  conclusively  diagnoses  rhabdomyoly¬ 
sis.  Abnormal  CK  levels  are  commonly  seen  in 
injured  intensive  care  unit  patients,  and  a  level  of 
5000  U/l  or  greater  is  related  to  renal  failure  [5]. 
Myoglobin  is  normally  bound  to  plasma  globulins. 
During  muscle  injury  the  amount  of  myoglobin 
spilled  in  the  circulation  exceeds  the  plasma  bind¬ 
ing  capacity  (>1.5  mg/dl)  and  is  excreted  in  the 
urine  [6,  7].  It  is  the  myoglobin,  which  imparts  the 
reddish  brown  color  to  the  urine  in  rhabdomyolysis. 
Serum  myoglobin  usually  increases  before  a  rise  in 
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CK  and  drops  more  rapidly  than  does  the  decline  in 
CK  concentration  (in  1-6  h)  [8].  Moreover,  myo¬ 
globinuria  may  not  be  visible  or  may  resolve  early 
in  the  course  of  rhabdomyolysis.  Due  to  these 
factors  neither  serum  myoglobin  nor  urinary 
myoglobin  levels  can  be  used  as  reliable  diagnostic 
indicators  for  rhabdomyolysis. 

Muscle  biopsy  is  not  necessary,  although  it 
can  be  used  to  confirm  the  diagnosis  of 
rhabdomyolysis.  The  histopathological  findings 
usually  include  loss  of  cell  nucleus  and  muscular 
stria  with  the  absence  of  inflammatory  cells  [9] . 


Fluid  Therapy 

There  is  evidence  to  suggest  early  hydration  is 
essential  to  prevent  and  limit  the  severity  of  renal 
failure  in  rhabdomyolysis  [10].  There  is  no  data 
to  support  or  guide  the  amount  of  fluids  that  need 
to  be  administered.  Most  patients  with  rhabdo¬ 
myolysis  are  hypovolemic,  so  fluid  resuscitation 
to  maintain  a  minimum  urine  output  goal  of  2  ml/ 
kg/h  is  recommended  [11].  A  Foley  catheter 
should  be  placed  in  order  to  monitor  the  urine 
output  closely.  In  severe  cases  of  crush  injury, 


Table  44.3  Causes  of  rhabdomyolysis 


Trauma 

Any  trauma  leading  to  muscle  damage 

Motor  vehicle  accidents  especially  crush  injuries 

Physical  torture/abuse 

Prolonged  immobilization 

Overexertion  (long  distance  running  or  prolonged  exercise) 

Delirium  tremens 

Epilepsy 

Vascular 

Any  vascular  occlusion 

Thrombosis 

Embolism 

Iatrogenic-Prolonged  vessel  clamping  during  surgery 

Sepsis 

Hyperthermia 

Neuroleptic  malignant  syndrome 
malignant  hyperthermia 

Electric  current 

Cardioversion, 

high  voltage  electric  current 

Electrolyte  abnormalities 

Hypernatremia 

Hypocalcemia 

Hyponatremia 

Hypokalemia 

Hypophosphatemia 

Metabolic  diseases 

Carnitine  deficiency 

Creatinine  palmitoyl  transferase  deficiency 

Myophosphorylase  deficiency  (McArdle  disease) 

Mitochondrial  respiratory  chain  enzyme  deficiencies 

Phosphofruktokinase  deficiency 

Infections 

Coxsackievirus 

Falciparum  malaria 

Herpes  viruses 

Human  immunodeficiency  virus 

Legionella 

Salmonella 

Streptoccocus 

Tularemia 

Endocrine  disorders 

Hyperaldosteronism 

Hypothyroidism 

Ketoacidosis 

Hyperaldosteronism 

Toxins 

Heavy  metals 

Insect  venoms 

Snake  venoms 

Autoimmune  diseases 

Polymyositis 
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Table  44.3 


Drugs 


(continued) 

Sedatives/  hypnotic  drugs 
Benzodiazepines 
Diazepam 
Nitrazepam 
Flunitrazepam 
Lorazepam 
Triazolam 
Barbiturates 
Gluthetimide 
Drugs  of  addiction 
Heroin 
Cocaine 
Amphetamine 
Methadone 

D-lysergic  acid  diethylamide  (LSD) 
Antidepressants  and  Antipsychotic  drugs 
Amitriptyline 
Fluoxetine 
Fluphenazine 
Haloperidol 
Lithium 
Protriptyline 
Phenelzine 
Perphenazine 
Promethazine 
Chlorpromazine 
Loxapine 
Promazine 
Trifluoperazine 
Amoxapine 
Doxepine 
Antilipemic  drugs 
Lovastatin 
Pravastatin 
Simvastatin 
Bezafibrate 
Clozafibrate 
Ciprofibate 
Clofibrate 
Others 
Alcohol 
Amphotericin  B 
Azathrioprine 
Butyrophenones 
Epsilon-aminocaproic  acid 
Halothane 
Moxalactam 
Oxprenolol 
Paracetamol 
Penicillamine 
Pentamidine 
Phencyclidine 
Phenylpropanolamine 
Propofol 
Quinidine 
Salicylates 
Strychnine 
Succinylcholine 
Theophyline 
Terbutaline 
Thiazides 
Vasopressin 
Diphenhydramine 
Doxylamine 
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administration  of  blood  products  and  intravenous 
fluids  simultaneously  is  important  to  correct 
severe  hypovolemic  state  [12]. 

Treating  Reversible  Causes  of  Muscle 
Damage 

Underlying  causes  of  muscle  damage  must  be 
identified  to  prevent  ongoing  muscle  destruction. 
Causes  such  as  infections,  trauma,  hyperthermia, 
electrolyte  abnormalities  and  medication  induced 
muscle  damage  should  be  identified  and 
addressed  appropriately.  In  cases  of  drug  induced 
rhabdomyolysis  the  offending  agent  should  be 
identified  and  stopped  immediately,  if  necessary 
drugs  and  toxins  should  be  eliminated  (e.g.,  gas¬ 
tric  lavage,  antidotes  and/or  haemodialysis) 
whenever  possible  [4]. 

Management  of  Complications 

Complications  of  rhabdomyolysis  include  acute 
renal  failure,  acidosis,  compartment  syndrome, 
hepatic  dysfunction,  disseminated  intravascular 
coagulation,  arrhythmias  and  cardiac  arrest. 

Acute  renal  failure  (ARF)  develops  in  33  % 
of  patients  [2]  with  rhabdomyolysis.  Factors 
known  to  contribute  to  rhabdomyolysis-induced 
acute  renal  failure  include  hypovolemic,  acido¬ 
sis  or  aciduria,  tubular  obstruction,  and  the 
nephrotoxic  effects  of  myoglobin.  Aggressive 
rehydration  is  considered  the  standard  of  care  in 
preventing  acute  renal  failure  in  patients  with 
rhabdomyolysis. 

Hyperkalemia  and  hypocalcaemia  occurring 
after  muscle  damage  can  predispose  to  cardiac 
arrhythmias.  Hyperkalemia  should  be  managed 
aggressively  when  present.  Treatment  can  be 
initiated  with  insulin  and  dextrose.  Intravenous 
calcium  can  be  administered  but  becomes  less 
effective  when  hyperphosphatemia  is  present 
since  calcium  and  phosphorus  can  precipitate 
removing  both  of  them  from  circulation  [13]. 
Dialysis  should  be  considered  as  a  lifesaving  pro¬ 
cedure  for  patients  with  a  rising  or  elevated  potas¬ 
sium  level,  persistent  acidosis,  or  oliguric  renal 
failure  with  fluid  overload. 


Disseminated  intravascular  coagulation  (DIC) 
results  from  complement  activation  of  clotting 
cascade  by  components  released  after  muscle 
injury.  This  usually  occurs  after  severe  rhabdo¬ 
myolysis,  leading  to  hemorrhagic  complications 
[3].  DIC  usually  resolves  spontaneously  after 
several  days  if  the  underlying  cause  is  corrected, 
but  if  hemorrhagic  complications  occur,  therapy 
with  platelets,  vitamin  K,  and  fresh  frozen  plasma 
may  be  necessary. 

Compartment  syndrome  is  another  complica¬ 
tion  of  rhabdomyolysis.  Most  skeletal  muscles 
are  confined  to  compartments  formed  by  fascia, 
bones  and  other  structures.  When  muscle  fibers 
are  ischemic  and  edematous,  it  raises  the  intra 
compartment  pressure  potentiating  a  vicious 
cycle  of  more  ischemia  and  damage  [2,  6]. 
Compartment  syndrome  requires  immediate 
orthopedic  consultation  for  fasciotomy. 

Evidence  Contour 

Bicarbonate  Therapy 

Alkalinization  of  the  urine  is  also  a  common 
intervention  in  rhabdomyolysis,  but  evidence  of 
a  clinical  benefit  is  lacking.  The  concept  of  urine 
alkalinization  derives  from  the  precipitation  of 
myoglobin  in  an  acidic  environment,  and  there¬ 
fore,  urinary  alkalinization  (pH.  6.5)  theoreti¬ 
cally  can  decrease  the  deposition  of  myoglobin 
in  renal  tubules.  Animal  studies  and  small  retro¬ 
spective  studies  have  shown  that  alkalinization  is 
better  than  using  intravenous  fluids  alone  in 
patients  with  rhabdomyolysis  [14,  15].  However, 
subsequent  retrospective  studies  have  failed  to 
establish  this  benefit.  Based  on  available  evi¬ 
dence,  it  can  be  concurred  that  alkalinization 
with  sodium  bicarbonate  is  not  necessary  and  is 
not  superior  to  giving  intravenous  fluids  alone 
[16,  17]. 

Diuretics  and  Mannitol 

In  some  experimental  studies  Mannitol  is 
suggested  to  have  a  protective  effect  due  to  the 
diuresis,  which  minimizes  intratubular  heme 
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deposition  [11,  18,  19].  It  has  also  been  suggested 
that  mannitol  acts  as  a  free-radical  scavenger, 
thereby  minimizing  cell  injury  [20].  Loop  diuret¬ 
ics  have  also  been  used  to  increase  urine  output  in 
patients  with  acute  renal  failure  secondary  to 
rhabdomyolysis.  While  diuretics  and  mannitol 
have  been  used  in  preventing  acute  renal  failure, 
there  is  little  clinical  evidence  to  support  the  use 
of  these  agents  in  rhabdomyolysis.  While  ran¬ 
domized  controlled  trials  are  lacking,  the  avail¬ 
able  evidence  suggests  that  mannitol  and  diuretic 
therapy  have  no  benefit  over  and  above  aggressive 
fluid  resuscitation  [16,  18,  21,  22]. 

Antioxidants  and  Free  Radical 
Scavengers 

Free  radical  scavengers  have  shown  to  reduce  the 
ischemia  reperfusion  injury  in  rhabdomyolysis  in 
experimental  models  [23].  Pentoxyphylline 
improves  microvascular  circulation,  acts  to 
decrease  neutrophil  adhesion  and  cytokine 
release  [24].  Vitamin  E  (alfa  tocopherol),  vitamin 
C  (ascorbic  acid),  lazaroids  (21-aminosteroids) 
and  minerals  such  as  zinc,  manganese  and  sele¬ 
nium  all  have  antioxidant  activity  [25,  26].  These 
agents  might  have  a  role  in  the  treatment  of  rhab¬ 
domyolysis,  but  further  studies  are  needed  to 
validate  their  use. 


RRT  for  Prevention  of  Acute  Kidney 
Injury 

Attempts  have  been  made  to  study  myoglobin 
removal  by  renal  replacement  therapy.  Based  on 
the  size  of  myoglobin  protein,  conventional 
hemodialysis  is  not  effective  in  clearing 
myoglobin  from  the  circulation.  Evidence  from 
isolated  studies  have  shown  that  continuous 
venovenous  hemofiltration  or  hemodialfiltration 
has  some  efficacy  in  removing  myoglobin  [27], 
but  the  effect  of  this  removal  on  the  outcome 
(acute  kidney  injury)  is  not  known.  Until  further 
studies  are  done,  renal  replacement  therapy  can¬ 
not  be  recommended  as  a  preventive  method  to 
avoid  acute  kidney  injury  in  patients  with 
rhabdomyolysis. 
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Case  Presentation 

A  65-year-old  librarian  was  admitted  with  a 
reduced  level  of  consciousness  (Glasgow  Coma 
Scale  (GCS)  score  of  7).  Her  husband  related  that 
20  h  previously  she  said  she  was  tired  and  felt 
“strange”  and  went  to  bed  early.  The  next  morn¬ 
ing,  he  could  not  wake  her  up.  For  3  days  she  had 
been  vomiting  and  drinking  water/soda.  On  day  2 
she  went  to  an  emergency  department  because 
she  was  feeling  ill  and  had  muscle  cramps.  She 
was  advised  to  drink  water.  Her  past  medical  his¬ 
tory  revealed  intermitting  bladder  pains  treated 
with  nonsteroidal  anti-inflammatory  drugs, 
besides  this  she  was  healthy.  At  the  time  of  pre¬ 
sentation,  pulse  oximetry  showed  100%  satura¬ 
tion  (supplemental  oxygen  with  a  face  mask  was 
given),  her  respiratory  rate  was  25  per  minute, 
blood  pressure  was  109/95  mmHg,  with  a  heart 
rate  of  77  beats/min.  She  had  bilateral  abnormal 
plantar  responses  (extension),  was  rigid  in  all 
extremities,  with  an  extension/pronation  pattern, 
and  slowly  reacting  pupils.  Arterial  blood  gas 
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analysis  was  as  follows:  pH =7.58,  pC02  =  2.8 
kPa  (21  mmHg),  p02  =  25.4  kPa  (191  mmHg), 
Hgb  =  8.7  mmol/1  (14  g/dl),  lactate=1.5  mmol/1, 
BE  =  -2.2  mmol/1,  P- [glucose]  =  8.6  mmol/1 
(155  g/dl),  P[Na]  =  108  mmol/1  and 
P[K]  =  2.9  mmol/1.  Body  temperature  was  37.7  ° 
C  (99.9  °  F). 

Question  What  approach  should  guide  this 
patient’s  management? 

Answer  Bolus  therapy  with  3%  NaCl  and 
avoidance  of  overcorrection 

All  patients  with  severe  cerebral  symptoms 
(altered  level  of  consciousness,  seizures,  rigidity) 
and  hypotonic  hyponatremia  should  be  treated  with 
bolus  2  ml/kg  weight  3%  NaCl  to  reduce  brain 
edema  together  with  treatment/diagnosis  of  other 
potential  causes  of  the  cerebral  symptoms.  Next, 
overcorrection  should  be  avoided  to  reduce  the  risk 
of  osmotic  demyelination  (OD).  Treatment  with  a 
bolus  of  70  mmol  NaCl  was  immediately  instituted 
and  within  15  min  repeated  twice  as  symptoms  per¬ 
sisted.  Treatment  resulted  in  an  increase  in  P[Na]  to 
114  mmol/1.  The  rigidity  diminished,  but  she  was 
still  had  a  GCS  score  of  7-8.  10  mg  of  diazepam 
was  given  iv  without  effect.  On  a  minor  suspicion 
of  meningitis,  antibiotic  therapy  was  initiated.  To 
secure  the  airway,  she  was  intubated  before  a  CT 
scan  of  the  cerebrum  (CTC)  was  performed.  The 
CTC  showed  discrete  signs  of  brain  edema 
(Fig.  45.1).  The  patient  was  transferred  to  the  ICU 
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Fig.  45.1  CT  scan  of  cerebrum  after  hypertonic  saline 
bolus  therapy 
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Fig.  45.2  MR  imaging,  T2-weighted,  14  days  after  cor¬ 
rection  of  hyponatremia  without  signs  of  osmotic 

demyelination 


for  propofol  sedation,  frequent  P[Na]  measure¬ 
ments  and  avoidance  of  overcorrection  (maximal 
118  mmol/1  24  h  after  admission).  Cerebrospinal 
fluid  showed  no  signs  of  meningitis.  An  electroen¬ 
cephalogram  was  without  paroxysmal  activity. 
Blood  tests  showed  slightly  elevated  CRP/leuco- 
cytes  and  normal  creatinine/urea/albumin.  P[Na] 
and  urine  production  were  measured  hourly.  A 
large  urine  flow  (up  to  500  ml/h)  resulted  in  a  rapid 
increase  in  P[Na].  This  was  counteracted  by  infu¬ 
sion  of  5  %  glucose,  and  desmopressin  treatment 
was  considered  -  but  not  given  -  to  reduce  the  risk 
of  OD.  The  next  day,  P[Na]  was  121  mmol/1  and 
she  was  extubated;  the  GCS  score  was  10.  P[Na] 
continued  to  increase  without  sodium  supplemen¬ 
tation  due  to  a  large  urine  volume,  with  a  high 
electrolyte-free  water  clearance  (EFWC) 
(U[Na]=42  mmol/1  and  U[K]  =  15  mmol/1)  (see 
next  section  for  calculations).  This  was  counter¬ 
acted  by  giving  sterile  water  and  5  %  glucose.  On 
day  2,  P[Na]  was  125  mmol/1,  and  on  day  3, 
132  mmol/1.  Her  consciousness  level  increased  to  a 
GCS  score  of  15,  and  she  was  transferred  to  the 
neurological  ward.  A  MR  scanning  14  days  later 
showed  no  signs  of  OD  (Fig.  45.2),  and  she  was 


discharged  with  only  a  slightly  impaired  visual  per¬ 
formance  (homonym  hemianopia),  which  gradu¬ 
ally  improved. 

Principles  of  Management 

ABCD  Followed  by  Diagnosis 

The  first  step  in  the  approach  to  the  patient  with 
an  altered  level  of  consciousness  is  to  ensure  a 
patent  airway,  adequate  breathing  and  circulation 
together  with  a  brief  evaluation  of  the  patient’s 
neurological  disability  and  measurement  of  blood 
sugar  (ABCD  approach).  This  is  crucial  to  treat/ 
rule  out  hypoxia,  hypercapnia,  hypotension  and / 
or  hypoglycemia  as  causes  behind  the  altered  con¬ 
sciousness  level  and  to  reduce  secondary  brain 
damage  [1].  Next,  swift  determination  of  electro¬ 
lytes  must  be  prioritized  in  the  patient  with  severe 
cerebral  symptoms  together  with  the  diagnosis/ 
treatment  of  other  possible  causes  of  the  cerebral 
symptoms  (e.g.  meningitis).  The  diagnosis  of 
hypotonic  hyponatremia  is  based  on  a  reduced 
P[Na]  without  hyperglycemia.  In  the  presence  of 
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Initial  patient  assessment 
ABCDa> 


_ ^ _ 

P-[Na+]  <  130  mmol/lb) 


> 


Bolus  2  ml/kg  3  %  NaClc) 


No  severe  symptoms 


_ ± _ 

Avoid  overcorrection 
Monitor  P-[Na+] 
Monitor  urine  volume 


v 


v 


Bolus  2  ml/kg  3  %  NaCI 

\ 

/ 

Maximal  correction 
every  24  hours: 
High  OD  riskd):  6  mmol/l 
Others:  10  mmol/l 


~  n  0/ 

duius  iiu/t\y  u  /o  /vczLW 

_ Y _ 

Consider  alternative 
causes 


v 


Final 

diagnostics/correction 


_ _ 

Give  water  orally/5  % 
glucose  iv/0.45  %  NaC!  iv 


_ ± _ 

Desmopressin  can  be 
used  to  control  brisk 
diuresis^) 


a)  A =Airway,  B=breathing ,  C =circulation,  D=disability.  Treat  potential  ABCD  problems  and 
other  potential  causes  of  severe  symptoms,  including  hypo-/hyperglycemia. 

b)  Higher  levels  in  patients  with  intracranial  pathology/known  hypernatremia 

c)  Bolus  =  iv/io  infusion  in  a  few  minutes.  Response  to  a  bolus  is  observed  after  5  minutes  if 
symptoms  decrease,  go  to  “no  severe  symptoms”,  if  severe  symptoms  persists,  infuse  a 
maximum  of  three  boluses.  Corresponding  amounts  of  more  concentrated  NaCI  can  be 
used. 

d)  High  OD(osmotic  demyelination)  risk  :  Very  low  P-[Na+],  hypokalemia,  malnutrition, 
alcoholism  and  advanced  liver  disease 

e)  Large  diuresis  creating  a  negative  water  balance  is  the  most  common  cause  of 
overcorrection.  Additionally,  K+substitution  increases  P-[Na+]. 

f)  Proposed  desmopressin  dose:  1-2  pg  iv  every  6-8  h 


Fig.  45.3  Hyponatremia  treatment  algorithm.  P-[Na+]  plasma  sodium  concentration,  OD  osmotic  demyelination 


hyperglycemia,  the  measured  P[Na]  should  be 
corrected/increased  by  0.4  mmol/l  per  1  mmol 
increase  in  P- [glucose]  (or  a  correction  of 
2.4  meq/1  per  100  mg/dl  increase  in  P- [glucose]) 
[2].  Hyponatremia  together  with  severe  symp¬ 
toms  indicates  brain  edema/increased  intracranial 
pressure  (ICP).  That  is,  ongoing  brain  damage 
and  a  substantial  risk  of  herniation.  Therefore 
acute  treatment  should  normally  not  be  delayed 
by  performance  of  a  CTC.  On  the  other  hand,  if 
hyponatremia  is  present  without  severe  symp¬ 
toms,  a  more  hesitant  approach  is  appropriate. 

Bolus  Therapy 

In  hyponatremia  with  severe  symptoms,  immedi¬ 
ate  ICP  reduction  is  best  induced  with  one  or 
more  boluses  of  2  ml/kg  3  %  (0.5  mmol/l)  NaCI 
(e.g.  100  ml  in  a  patient  weighing  50  kg  (1 10  lbs) 
(or  a  corresponding  amount  of  more  hypertonic 


NaCI)  given  iv/intraosseously  (Fig.  45.3)  [3-5]. 
One  2  ml/kg  3  %  NaCI  bolus  causes  an  increase 
in  P[Na]  of  approximately  2  mmol/l  and  an 
immediate  reduction  in  ICP.  The  bolus  can  be 
repeated  at  5 -min  intervals.  Cerebral  symptoms/ 
ICP  decreases  sufficiently  when  P[Na]  increases 
4-6  mmol/l,  hence  no  more  than  three  boluses 
should  be  given  [3,  6].  Crucially,  0.9%  NaCI 
should  not  be  used  to  acutely  increase  P[Na]  in 
patients  with  severe  symptoms.  The  resulting 
P[Na]  is  unpredictable,  and  the  hyponatremia 
may  worsen  in  the  patient  with  syndrome  of  inap¬ 
propriate  antidiuretic  hormone  (SIADH)  (see 
section  “Mechanisms  Behind  the  Hyponatremia/ 
Lasting  Correction”)  [6,  7]. 

Avoidance  of  Overcorrection 

A  rapid  increase  in  P[Na]  can  result  in  osmotic 
brain  damage  and  death,  OD.  In  relation  to 
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Fig.  45.4  MR  imaging,  T2- weighted,  demonstrating 
osmotic  demyelination  in  a  63 -year-old  woman  after  rapid 
correction  of  hospital-acquired  hyponatremia  (developed 
within  48  h) 


hyponatremia,  the  course  is  bi-phasic:  First,  a 
reduction  in  cerebral  symptoms  followed  by  a 
gradual  neurological  worsening.  OD  is  linked  to 
the  cerebral  adaption  to  hyponatremia  over  time. 
Cerebral  symptoms  wane  parallel  with  a  reduced 
cerebral  content  of  potassium,  organic  osmolytes 
and  water.  However,  OD  is  also  seen  when  a  rap¬ 
idly  developed  hyponatremia  (Fig.  45.4)  is 
swiftly  corrected  [8,  9]  and  in  rapidly  developed 
hypernatremia  [3,  6].  Therefore,  P[Na]  should  be 
corrected  slowly  in  all  patients.  The  increase  in 
P[Na]  should  be  of  no  more  than  10  mmol/1  in  the 
first  24  h  and  less  than  8  mmol/1  every  24  h  there¬ 
after  [3,4].  In  patients  with  additional  risk  factors 
of  OD  (very  low  P[Na],  hypokalemia,  malnutri¬ 
tion,  alcoholism,  and  advanced  liver  disease),  the 
increase  should  be  maximally  6  mmol/1  in  every 
24  h  [3-5]. 

Controlling  the  correction  of  hyponatremia  can 
be  a  challenging  task  and  needs  a  high  level  of 
observation.  This  is  illustrated  by  the  real-life  case 
at  the  beginning  of  this  chapter.  First,  it  is  crucial 
to  state  a  maximal  increase  in  P[Na].  Secondly, 
frequent  measurements  of  P[Na]  and  urine  volume 
are  needed.  Finally,  practical  measures  should  be 
instituted  if  P[Na]  rises  too  quickly. 


Understanding  what  determines  P[Na]  in  the 
individual  patient  lies  at  the  root  of  safe  correc¬ 
tion.  Edelman  demonstrated  that  P[Na]  is  deter¬ 
mined  by  exchangeable  sodium  (eNa+), 
exchangeable  potassium  (eK+)  and  total  body 
water  (TBW)  [10].  The  relation  is  simplified  in 
Eq.  45.1  [7]: 


P 


eNa+  +  eK+ 
TBW 


(45.1) 


The  physiological  fundament  for  Eq.  45.1  is 
that  sodium  is  the  principal  extracellular  osmo- 
lyte,  potassium  is  the  principal  intracellular 
osmolyte,  and  they  do  not  freely  cross  the  cell 
membrane  in  contrast  to  water.  According  to 
Eq.  45.1,  hyponatremia  develops  when  the  pro¬ 
portion  between  cations  (eNa+  +  eK+)  and  water 
decreases. 

Equation  45.1  is  not  readily  useful  at  the  bed¬ 
side.  However,  it  was  recently  demonstrated  that 
it  is  valid  in  the  individual  and  that  the  changes  in 
P[Na]  (changes  from  P[Nah  to  P[Na]2)  are  deter¬ 
mined  by  changes  in  the  external  cation  balances 
(A(Na+  +  K+))  and  water  balances  (ATBW) 
according  to  Eq.  45.2  [7,  11]: 


'  X TBW  +  A(Na+ 
TBW  +  ATBW 


(45.2) 


In  other  words,  P[Na]  is  influenced  by  the 
water  balance  and  equally  by  the  sodium  and 
potassium  balances.  The  primary  cause  of  over¬ 
correction  in  the  hyponatremic  patient  (and  in  the 
case  related  above)  is  the  large  volume  of  diluted 
urine  (diuresis)  [12,  13].  Hypotonic  fluids  like 
water  given  orally  or  5  %  glucose  iv  can  be  used 
to  counteract  the  effect  of  the  diuresis.  Besides 
monitoring  P[Na],  calculation  of  EFWC  based  on 
the  urine  cation  concentration  (U[Na]  +U[K])  is 
useful  because  it  quantifies  the  kidney’s  impact 
on  P[Na]  [7]: 
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If  electrolyte  free  water  is  excreted  ((U[Na]  + 
U[K])  <  P[Na]),  then  the  kidney  counteracts  the 
hyponatremia  and  will  restore  normonatremia.  In 
this  situation,  a  rapid  increase  in  P[Na]  may 
result.  If  the  rise  in  P[Na]  due  to  a  large  increase 
in  urine  volume  (e.g.  300  ml/h)/high  EFWC  can¬ 
not  be  controlled,  the  V2-receptor  agonist  desmo¬ 
pressin  is  effective  in  reducing  EFWC  (e.g. 
1-2  pg  desmopressin  iv  every  6-8  h).  The  admin¬ 
istration  of  desmopressin  can  also  be  necessary  if 
P[Na]  has  increased  too  much,  and  a  re-lowering 
to  the  desired  level  is  needed  [3-5]. 

However,  it  is  important  that  the  individual 
patient  represents  a  dynamic  system  and  urine 
volume  can  change  dramatically  in  hours,  lead¬ 
ing  to  a  rapid  increase  in  P[Na]  and  making  an 
exact  prediction  of  P[Na]  based  on  formulas 
uncertain  [13,  14].  The  safest  way  is  close  moni¬ 
toring  of  P[Na]  and  urine  output,  especially  if 
urine  volumes  are  large,  and  adjustment  of  fluid 
treatment  according  to  P[Na],  EFWC  and 
Eq.  45.2. 

One  special  situation  is  the  hyponatremic 
patient  in  need  of  acute  dialysis.  Here,  measures 
must  be  taken  to  avoid  rapid  overcorrection,  e.g. 
reducing  the  blood  flow  or  diluting  the  fluids 
given  [6]. 

Mechanisms  Behind  the 
Hyponatremia/Lasting  Correction 

When  the  initial  therapy  has  stabilized  the  patient 
and  measures  to  avoid  overcorrection  have  been 
undertaken,  mechanisms  behind  the  hyponatre¬ 
mia  must  be  identified.  This  can  be  challenging 
because  (1)  multiple  combined  causes  are  com¬ 
mon  [15,  16],  (2)  the  initial  mechanisms  causing 
hyponatremia  can  be  evanescent,  and  (3)  hypovo¬ 
lemic  and  normovolemic  hyponatremia  (SIADH) 
can  seldom  be  separated  clinically  but  can  be 
deduced  from  the  response  to  treatment  with 
0.9%  NaCl  [17].  Therefore,  the  diagnosis  goes 
hand-in-hand  with  the  treatment  response  and  the 
causes  of  the  hyponatremia  may  overlap. 

To  support  the  diagnosis,  the  patient’s  history 
is  important:  current  disease,  exploration  of  thirst 
feeling,  known  comorbidities  (e.g.  heart  failure, 


Table  45.1  Commonly  prescribed  drugs  associated  with 
hyponatremia 


Groups 

Drugs 

Diuretics 

Thiazides 

Indapamide 

Antidepressant 

agents 

Selective  serotonin  reuptake 
inhibitors 

Tricyclic  antidepressants 
(mirtazapine) 

Selective  norepinephrine 
reuptake  inhibitors  Monoamine 
oxidase  inhibitors 

Antipsychotic 

agents 

Phenothiazines, 

Butyrophenones 

Anti-seizure  drugs 

Carbamazapine,  oxcarbazepine, 
valproate 

Lamotrigine 

Clofibrate 

Antineoplastic 

agents 

Alkylating  agents  (e.g. 
cyclophosphamide,  ifosfamide) 
Platinium  compounds  (e.g. 
cisplatin) 

Vinca  alkaloids  (e.g. 
vincristine) 

Methotrexate 

V2-receptor  agonist 

Desmopressin,  vasopressin, 
oxytocin 

Miscellaneous 

Nonsteroidal  anti-inflammatory 
drugs 

Opiates 

Voriconazole 

3 ,4-methylenedioxy¬ 
methamphetamine  (ecstacy) 

Hypotonic  fluids 

liver  failure,  and  renal  impairment),  medications 
(Table  45.1)  and  a  meticulous  history  of  fluid 
intake  (quantity /quality)  and  output  (diuresis, 
gastrointestinal  loss).  The  vital  signs  are  deter¬ 
mined  together  with  the  stigmata  of  chronic  ill¬ 
ness.  A  urine  sample  should  be  obtained  as  soon 
as  possible  -  preferably  before  therapy  is 
initiated  -  and  analyzed  for  U[Na],  U[K],  osmo¬ 
lality  to  calculate  EFWC  and  hence  the  kidneys’ 
contribution  to  the  hyponatremia. 

Hyponatremia  with  Reduced  ECV/ 

Sodium 

Loss  of  sodium  (gastrointestinal,  renal,  blood, 
wounds,  etc.)  and  thereby  a  reduction  in  extracel¬ 
lular  volume  (ECV)  (sodium  is  the  principal 
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osmolyte  in  the  ECV)  results  in  hypovolemia  and 
reduced  perfusion  with  non-osmotic  stimulation 
of  antidiuretic  hormone  (ADH)  secretion.  ADH 
reduces  renal  water  excretion  (reduces  EFWC). 
Ingestion/infusion  of  hypotonic  fluids  (e.g.  water, 
5  %  glucose,  KNaGlucose)  in  this  situation  can 
result  in  hyponatremia.  With  hypoperfusion,  the 
renin-angiotensin-aldosterone  system  (RAAS) 
and  the  sympathetic  nervous  system  are  activated 
[18].  This  results  in  reduced  urine  sodium  excre¬ 
tion.  However,  a  low  U[Na]  is  not  always  present 
in  patients  on  diuretic  therapy  or  those  with  adre¬ 
nal  deficiency  and/or  metabolic  alkalosis  from 
vomiting.  When  the  sodium/EC V  deficit  is 
restored  (e.g.  with  0.9  %  NaCl/ringer-lactate),  the 
ADH  stimulus  is  abolished,  and  a  high  EFWC 
can  result  in  a  rapid  P[Na]  increase,  with  impend¬ 
ing  overcorrection. 

Hyponatremia  with  Increased 
Extracellular  Volume/Sodium 

In  conditions  with  increased  ECV  (e.g.  conges¬ 
tive  heart  failure,  cirrhotic  liver  failure)  hypona¬ 
tremia  is  caused  by  non-osmotic  stimulation  of 
ADH  secretion  and  thirst  due  to  hypoperfusion. 
In  addition,  RASS  and  the  sympathetic  nervous 
system  are  activated,  resulting  in  low  U[Na]. 
Optimizing  the  hemodynamics  is  the  cornerstone 
of  treatment  in  these  situations. 

Hyponatremia 
Despite  Suppressed  ADH 

Normally  functioning  kidneys  have  an  enormous 
capacity  to  excrete  water  (1  1/h),  so  excessive 
water  input  (e.g.  polydipsia)  must  exceed  this  to 
produce  hyponatremia.  Much  less  water  intake 
can  produce  hyponatremia  when  the  kidney’s 
ability  to  excrete  water  is  reduced.  Low  solute 
(protein,  cations)  intake  in  severe  malnutrition 
(e.g.  cancer,  anorexia  nervosa,  beer  potomania) 
reduces  the  kidney’s  ability  to  excrete  water 
because  pure  water  cannot  be  excreted.  Urine 
osmolality  is  low.  Reduced  glomerular  filtration 
rate  with  increasing  age  puts  the  elderly  at  risk  of 
hyponatremia  [19].  Treatment  should  take  into 
account  any  polydipsia,  malnutrition  and/or 
reduced  renal  function. 


Syndrome  of  Inappropriate 
Antidiuretic  Hormone 

In  SIADH,  non-osmotic  ADH  secretion  and  thirst 
are  present  despite  normal  perfusion.  The  combi¬ 
nation  of  non-osmotic  ADH  secretion  and  no 
hemodynamic  activation  of  RAS  S/sympathetic 
nervous  system  can  result  in  very  low/negative 
EFWC  (U[Na]  +  U[K])  »  P[Na]).  This  puts  the 
patient  at  high  risk  of  hyponatremia  when  hypo¬ 
tonic  fluids  (e.g.  5  %  glucose,  Darrow-glucose) 
are  prescribed  or  ingested  [20].  When  U[Na]  is 
high,  infusion  of  0.9  %  NaCl  can  result  in  wors¬ 
ening  of  the  hyponatremia  because  the  sodium  is 
excreted  in  a  smaller  volume  than  infused,  with 
electrolyte-free  water  being  retained  (“desalina¬ 
tion”).  Failure  to  increase  P[Na]  with  0.9  %  NaCl 
therapy  is  a  practical  way  to  distinguish  SIADH 
from  hyponatremia  with  reduced  ECV. 

In  the  critically  ill,  SIADH  may  be  due  to  vari¬ 
ous  drugs  (Table  45.1),  malignant  disease,  central 
nervous  system  disorders  (infection,  bleeding, 
thrombosis,  space  occupying  disorders,  psycho¬ 
sis  and  generalized  disorders),  pulmonary  disor¬ 
ders  (infection,  asthma,  respirator  treatment)  or 
other  more  non-specific  causes  (general  anesthe¬ 
sia,  postoperative  nausea,  pain  and  stress)  [21]. 
SIADH  may  be  divided  into  (1)  self -limiting 
mechanisms  (common  in  the  hospitalized 
patient),  with  an  inherent  risk  of  overcorrection 
when  ADH  stimulus  is  abolished  (e.g.  nausea 
stops)  and  (2)  persistent  conditions  (e.g.  paraneo¬ 
plastic  phenomenon)  that,  in  the  absence  of  V2- 
receptor  antagonist  treatment,  will  rarely  be 
overcorrected. 

The  conventional  criteria  for  SIADH  are  plasma 
hypo-osmolality  (P-Osm  <275  mOsm/kg)  without 
maximally  diluted  urine  (U-Osm  >100  mOsm/kg), 
high  U[Na]  (>40  mmol/1),  normal  circulation,  nor¬ 
mal  renal,  thyroid  and  adrenal  function  [21]. 
However,  in  the  critically  ill  patient,  other  hypona¬ 
tremia  mechanisms  are  likely  to  co-exist  (renal 
impairment,  use  of  diuretics,  low  solute  intake)  and 
must  be  determined  and  corrected.  When  persistent 
SIADH  is  the  likely  diagnosis,  the  cornerstone  is 
investigation  and  treatment  of  its  underlying  causes 
(e.g.  cancer).  In  critical  illness,  correction  of  the 
hyponatremia  is  achieved  primarily  by  restriction 
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of  hypotonic  water  and  infusion  of  hypertonic 
saline  (e.g.  0. 1-0.4  mmol/kg/h).  In  the  persistent 
form  of  SIADH,  V2-receptor  antagonist  treatment 
may  be  the  most  effective  option;  however,  treat¬ 
ment  most  be  monitored  to  avoid  overcorrection 
and  dehydration.  V2-receptor  antagonists  should 
not  be  used  routinely  in  the  victim  of  critical  neuro¬ 
surgical  illness  (e.g.  subarachnoid  hemorrhage, 
traumatic  brain  injury)  because  its  use  can  result  in 
dehydration  and  thereby  secondary  brain  damage 
(e.g.  delayed  cerebral  ischemia)  [22]. 

Adrenal  Deficiency 

Adrenal  deficiency  can  induce  hyponatremia 
[23].  In  the  critically  ill  patient,  a  random  plasma 
cortisol  level  above  700  nmol/1  (25  pg/dl)  virtu¬ 
ally  excludes  adrenal  deficiency  [23].  If  this  value 
is  inconclusive,  low-dose  adrenocorticotropic 
hormone  stimulation  should  be  performed. 
Treatment  is  hormone  substitution. 

Evidence  Contour 

Several  aspects  of  management  of  the  patient 
with  hyponatremia  are  based  on  small  studies 
(case  studies/retrospective  studies)  and  physio¬ 
logical  extrapolations.  Despite  a  growing  consen¬ 
sus,  controversies  still  exist  and  are  partly 
explained  by  the  fact  that  the  hyponatremia 
patient  population  is  very  heterogenic  with  regard 
to  time  frame,  co-morbidities  and  mechanisms 
behind  the  hyponatremia. 

Rate  of  Correction/Risk  of  Osmotic 
Demyelination 

Avoiding  overcorrection  is  pivotal  to  diminish 
the  risk  of  OD.  However,  no  prospective  ran¬ 
domized  studies  have  established  an  absolutely 
safe  and  definitive  speed  for  correction  of  hypo¬ 
natremia.  In  a  small  clinical  MRI  study,  OD 
lesions  were  observed  in  patients  corrected 
with  more  than  10  mmol/l/day  [8].  In  retrospec¬ 
tive  studies,  OD  has  been  seen  in  patients  cor¬ 
rected  more  than  12  mmol/l/day  [24-26]. 


Therefore,  one  group  advocates  slow  correction 
[24] .  On  the  other  hand,  hesitation  in  the  acute 
correction  of  hyponatremia  with  severe  symp¬ 
toms  can  be  fatal,  and  one  group  found  no  cor¬ 
relation  with  OD  [27].  Therefore,  this  group 
advocates  rapid  correction  [27].  It  appears  that 
the  conflict  between  these  opposing  standpoints 
is  gradually  giving  way  to  an  emerging  consen¬ 
sus:  Treatment  of  hyponatremia  with  severe 
symptoms  should  involve  prompt,  but  small 
increase  in  P[Na]  followed  by  slow  correction 
[12,  28],  a  consensus  which  is  also  reflected  in 
current  guidelines  [4,  5]. 

Acute  Versus  Chronic  Hyponatremia 

The  distinction  between  “acute”  hyponatremia 
(developed  within  48  h)  and  “chronic”  hypona¬ 
tremia  lies  at  the  root  of  former  treatment  guide¬ 
lines.  Acutely  developed  hyponatremia  could/ 
should  be  corrected  to  normonatremia  acutely  to 
treat  or  prevent  brain  edema,  and  chronic  hypo¬ 
natremia  should  be  corrected  slowly  to  avoid 
OD.  This  is  based  on  the  brain’s  adaption  to 
hyponatremia  [1].  However,  the  distinction  is 
arbitrary  and  difficult  to  use  in  practice.  First,  the 
time-frame  for  development  is  often  not  known. 
Second,  pre-existing  hyponatremia  is  the  greatest 
risk  factor  for  the  development  of  severe  cerebral 
symptoms  -  acute  worsening  of  chronic  hypona¬ 
tremia  [29].  Third,  rapid  correction  of  acute 
hyponatremia  just  as  the  rapid  development  of 
hypernatremia  from  normonatremia  [3]  can  result 
in  OD  (Fig.  45.4)  [8,  9].  Therefore,  the  safest 
approach  may  be  based  on  prompt  bolus  therapy 
with  hypertonic  saline  in  patients  with  severe 
cerebral  symptoms  combined  with  cautious  cor¬ 
rection  in  all  patients  [3,  4]. 

Hyponatremia  and  Association 
with  Mortality? 

Retrospective  studies  have  documented  that  patients 
with  hyponatremia  have  higher  over-all  mortality 
than  patients  with  normonatremia  [30-32].  Whether 
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hyponatremia  is  the  cause  of  death  in  these  patients 
or  merely  an  indicator  of  underlying  illness  has  yet 
to  be  determined.  Correction  of  hyponatremia  with 
a  V2-receptor  antagonist  in  patients  with  heart  fail¬ 
ure  showed  no  effect  on  mortality/morbidity  [33]. 
However,  it  seems  rational  to  aim  for  normonatre- 
mia  in  the  critically  ill  with  the  use  of  appropriate 
fluid  therapy. 
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Case  Presentation 

A  5 1  year  old  woman  with  hypothyroidism,  dia¬ 
betes  and  hypertension  presented  with  two  weeks 
of  progressive  fatigue,  weakness,  and  difficulty 
walking.  In  the  emergency  department  she  com¬ 
plained  of  lightheadedness  and  dizziness.  Her 
initial  blood  pressure  was  70/42.  She  was  awake 
and  alert,  with  4/5  strength  throughout.  Her  son 
had  recently  passed  away  and  she  reported 
decreased  appetite,  decreased  oral  intake,  and 
weight  loss.  She  had  been  smoking  one  pack  of 
cigarettes  per  day  since  age  11.  Initial  serum 
sodium  was  117  mmol/L,  urine  sodium 
69  mmol/L,  and  urine  osmolality  576  mOsm/kg. 
She  was  treated  with  2  liters  (L)  of  intravenous 
(IV)  0.9  %  saline,  and  blood  pressure  improved  to 
her  baseline,  117/74. 

Question  What  is  the  cause  of  this  patient’s 
severe  hyponatremia,  and  with  what  urgency 
should  it  be  corrected? 
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Answer  Evaluate  volume  status  and  sodium  bal¬ 
ance,  and  correct  slowly. 

Most  patients  with  severe  hyponatremia  do 
not  need  urgent  correction.  Time  should  be  taken 
to  evaluate  for  underlying  cause,  treating  slowly 
and  monitoring  sodium  levels  frequently.  This 
patient  was  admitted  with  symptoms  attributable 
to  hyponatremia  but  no  critical  neurologic  find¬ 
ings,  so  rapid  sodium  correction  was  not  neces¬ 
sary.  Initial  IV  fluids  corrected  blood  pressure.  At 
that  point,  the  patient  was  euvolemic  and  still 
hyponatremic  at  119  mmol/L.  Urine  sodium  and 
osmolality  were  consistent  with  the  syndrome  of 
inappropriate  antidiuretic  hormone  activity 
(SIADH),  though  measured  serum  osmolality 
results  were  not  available.  With  SIADH  the  most 
likely  diagnosis,  fluids  were  restricted  to  1  L  per 
day  and  oral  sodium  chloride  (NaCl)  tablets 
begun.  Serum  sodium  increased  to  121  mmol/L 
by  day  4  and  the  patient  was  transferred  to  the 
medical  wards.  Thereafter,  she  was  found  to  be 
orthostatic  and  treated  with  IV  normal  saline. 
Serum  sodium  initially  remained  stable  on  IV 
fluids,  and  repeat  studies  demonstrated  urine 
sodium  140  mmol/L,  urine  osmolality  389  mOsm/ 
kg,  and  serum  osmolality  256  mOsm/kg,  consis¬ 
tent  with  SIADH.  By  hospital  day  10,  despite 
resuming  fluid  restriction  and  escalating  oral 
NaCl  doses,  serum  sodium  had  decreased  to 
113  mmol/L,  and  the  patient  remained  neurologi- 
cally  intact.  Tolvaptan  was  begun  and  serum 
sodium  increased  to  120  mmol/L  within  24  h, 
remaining  stable  in  the  mid- 120s.  Chest  imaging 
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demonstrated  a  2.5  cm  left  upper  lobe  nodule 
concerning  for  malignancy  which  proved  to  be 
the  cause  of  her  SIADH. 

Principles  of  Management 
Risk  Stratification 

Severely  depressed  mental  status  or  seizures  in 
acute  onset  hyponatremia  (<48  h)  suggest  cere¬ 
bral  edema  and  mandate  intensive  care  unit  (ICU) 
admission  and  urgent  correction  of  serum  sodium 
concentration.  All  patients  with  acute  onset 
severe  hyponatremia  (serum  sodium  concentra¬ 
tion  <120  meq/L),  even  those  without  symptoms, 
are  at  risk  for  cerebral  edema  and  should  receive 
urgent  serum  sodium  correction  in  the  ICU  [1].  In 
most  cases,  asymptomatic  patients  with  severe 
chronic  hyponatremia  benefit  from  ICU  admis¬ 
sion  for  monitoring  of  symptoms  and  rate  of  cor¬ 
rection  during  initial  management. 

Evaluation 

In  patients  not  requiring  emergent  correction, 
the  first  step  is  clinical  determination  of  volume 
status  using  history  and  physical  exam.  Physical 
exam  findings  for  volume  status  are  listed  in 
Table  46.1.  Table  46.2  presents  common  hypo¬ 
natremia  syndromes  in  the  ICU  by  volume  sta¬ 
tus.  Serum  osmolality  less  than  275  mOsm/kg 
water  and  urine  osmolality  greater  than  100  in  a 
hyponatremic  patient  with  normal  salt  intake 
suggests  renal  free  water  retention  which  may  be 
considered  “inappropriate”  if  the  patient  is 
euvolemic.  Spot  urine  sodium  >40  mmol/L  is 
further  evidence  of  free  water  retention  [2] .  Once 
SIADH  is  diagnosed  workup  should  begin  for 
underlying  cause.  The  most  common  causes  of 
SIADH  in  the  ICU  are  summarized  in  Table  46.3. 
Evidence  of  antidiuretic  hormone  (ADH)  activ¬ 
ity  in  a  hypovolemic  or  hemodynamically  unsta¬ 
ble  patient  should  be  expected  as  a  compensatory 
mechanism  and  not  taken  to  represent  SIADH.  In 
cases  of  indeterminate  volume  status,  it  is  accept¬ 
able  to  infuse  500  mL  to  one  liter  of  0.9% 


Table  46.1  Physical  exam  findings  for  volume  status 


Hypovolemic 

Euvolemic 

Hypervolemic 

Orthostasis 

Normal  heart 

Lower  extremity 

Poor  skin 

rate  and  blood 

or  sacral  edema 

turgor 

pressure 

Ascites 

Dry  mucous 

Normal  skin 

membranes 

turgor 

Moist  mucus 
membranes 

sodium  chloride.  Improvement  in  serum  sodium 
suggests  an  element  of  hypovolemia,  whereas 
further  reduction  in  serum  sodium  with  increased 
urine  sodium  and  urinary  osmolality  >100  sug¬ 
gest  SIADH  [3].  The  discrimination  between 
SIADH  and  cerebral  salt  wasting  (CSW)  is  dif¬ 
ficult.  CSW  occurs  after  brain  injury  or  neuro¬ 
surgical  procedures.  Urinary  salt  and  chloride 
losses  cause  diuresis  and  hypovolemia  which 
drives  ADH  secretion  and  free  water  retention. 
Diagnosis  requires  proof  that  urinary  sodium 
losses  and  volume  depletion  preceded  the  devel¬ 
opment  of  hyponatremia  [  1  ] . 

Correcting  Serum  Sodium 

If  hypovolemia  is  present  or  suspected,  0.9  % 
saline  infusion  should  be  administered.  For 
patients  with  severe  acute  or  symptomatic 
hyponatremia,  hypertonic  (3  %)  saline  should 
be  infused  at  a  rate  of  1-2  ml/kg  actual  body 
weight  [2].  Correction  of  serum  sodium  con¬ 
centration  by  4-6  meq/L  in  the  first  2-3  h  is 
sufficient  to  significantly  reduce  intracranial 
pressure  and  increase  cerebral  perfusion  pres¬ 
sure  [4].  Serum  sodium  should  be  monitored 
hourly  and  infusion  stopped  when  symptoms 
resolve.  For  patients  who  do  not  require  emer¬ 
gent  rapid  correction  of  serum  sodium  concen¬ 
tration,  management  should  be  tailored  to  the 
underlying  condition.  Management  of  the 
hypervolemic  hyponatremias  requires  address¬ 
ing  underlying  organ  dysfunction  (Table  46.2). 
Glucocorticoid  or  thyroid  hormone  deficiency, 
discussed  elsewhere,  can  be  treated  by  supple¬ 
menting  these  hormones.  Severe  hyponatremia 
from  CSW  may  initially  require  hypertonic 
saline,  though  in  most  cases  volume  expansion 
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Table  46.2  Common  causes  of  hyponatremia  in  the  ICU,  by  volume  status 


Hypovolemic 

Euvolemic 

Hypervolemic 

Cerebral  salt  wasting 

SIADH 

Congestive  heart  failure 

Excessive  diuretic  therapy 

Large  volume  hypotonic  fluid  infusion 

Cirrhosis 

GI  fluid  losses 

during  surgery 

Nephrotic  syndrome 

Hemorrhage 

Primary  polydipsia 

Renal  failure 

Burn 

Endurance  exercise 

Adrenal  insufficiency 

Ecstasy  use 

Hyperglycemia 

Hypothyroidism 

Adrenal  insufficiency 

Low  solute  diet 

Table  46.3  Common  causes  of  SIADH  in  the  ICU 


ICU 

care-associated 

Malignant 

Pulmonary 

Neurologic 

Pharmacologic 

Anesthesia 

Small  cell  lung 

Cystic  fibrosis 

Head  trauma 

Narcotics 

Pain 

cancer 

Pneumonia 

Intracranial 

Methylenedioxy-N- 

Positive  pressure 

Head  and  neck 

hemorrhage 

methamphetamine  (Ecstasy) 

ventilation 

cancer 

CNS  infection 

Nicotine 

Nausea 

Prostate  cancer 
Lymphoma 

Brain  tumor 

Stroke 

Guillain  Barre 
Delirium  Tremens 

Antipsychotics 

NS  AID  s 

Vasopressin 

Cyclophosphamide 

with  isotonic  saline  is  sufficient  [2].  SIADH  is 
managed  with  fluid  restriction  and  ensuring 
adequate  dietary  sodium  and  protein  intake.  In 
the  ICU,  total  fluid  intake  should  be  limited  to 
500  mL  less  than  daily  urinary  output,  and 
should  account  for  oral  fluids,  solid  foods,  and 
IV  medications  [5]. 

Monitoring  Correction  Rate 

In  patients  with  asymptomatic  chronic  hypona¬ 
tremia,  there  is  virtually  no  risk  of  death  from 
cerebral  edema.  Accordingly,  guidelines  and 
expert  opinion  recommend  that  correction  be 
limited  to  6-8  meq/L  per  day,  with  serum 
sodium  checks  every  2-4  h.  During  correction 
of  hypovolemic  hyponatremia,  urinary  output 
must  be  monitored  closely,  for  which  a  urinary 
catheter  is  helpful.  Once  the  hypovolemic  stim¬ 
ulus  for  ADH  secretion  has  been  relieved,  ADH 
levels  will  drop,  urinary  output  will  increase, 
and  serum  sodium  concentration  will  increase 
rapidly.  At  this  point  the  isotonic  saline  solution 
should  be  stopped  and  serum  sodium  monitored 
carefully.  If  correction  proceeds  at  a  rate  greater 


than  0.5  meq/L/h  for  more  than  4  h,  rate  of  rise 
can  be  slowed  by  administering  hypotonic  fluids 
or  IV  desmopressin  2-4  micrograms  [5]. 

Osmotic  Demyelination  Syndrome 
(ODS) 

In  the  setting  of  serum  hyponatremia,  brain  cells 
extrude  organic  solutes,  which  prevents  cerebral 
swelling.  This  process  takes  about  2  days,  but 
when  hyponatremia  is  corrected,  it  can  take  up  to 
a  week  for  cells  to  recapture  lost  osmolytes.  If 
serum  sodium  correction  outpaces  solute  recap¬ 
ture,  central  pontine  or  extrapontine  myelinolysis 
results.  ODS  classically  has  a  biphasic  presenta¬ 
tion:  the  patient’s  neurologic  status  initially 
improves  with  serum  sodium  correction,  but  days 
later,  pseudobulbar  palsy  and  quadriparesis 
develop.  Most  described  cases  of  ODS  resulted 
from  serum  sodium  correction  greater  than 
10-12  mmol/L  in  24  h  or  18  mmol/L  in  48  h, 
though  slower  rates  of  correction  have  been  asso¬ 
ciated  with  this  syndrome  in  high-risk  patients 
including  those  with  alcoholism,  cirrhosis  and 
severe  malnutrition  [5]. 
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Evidence  Contour 
Diagnostics 

Spot  urine  sodium  concentration  is  used  to  sup¬ 
port  a  diagnosis  of  SIADH  but  is  less  useful  in 
patients  on  diuretics  due  to  natriuretic  effect.  One 
study  demonstrated  that  for  patients  on  diuretics, 
the  fractional  excretion  of  uric  acid  performed 
just  as  well  as  urine  sodium  concentration  in 
patients  not  on  diuretics,  with  values  over  12% 
consistent  with  SIADH  [6]. 

Spot  urine  sodium  concentration  is  a  fairly 
good  stand-alone  test  for  SIADH,  with  one  study 
demonstrating  a  diagnostic  accuracy  of  0.82  for 
urine  sodium  50  meq/L  or  greater  [7]. 

Novel  Treatments 

Vasopressor  receptor  antagonists  (vaptans)  bind 
the  vasopressin  type  2  (V2)  receptor  in  the  distal 
nephron  to  cause  excretion  of  free  water.  Four  large 
studies  of  vaptans  (conivaptan  and  tolvaptan)  in 
patients  with  euvolemic  or  hypervolemic  hypona¬ 
tremia  demonstrated  significant  short-term  and 
lasting  improvement  in  serum  sodium  concentra¬ 
tion.  In  the  SALT-1  and  SALT-2  trials,  average 
sodium  levels  increased  from  129  to  approximately 
135  at  days  4  and  days  30.  Adverse  events  included 
dehydration,  renal  dysfunction,  hypernatremia,  and 
overly  rapid  serum  sodium  correction  [8-10]. 
Concerns  regarding  safety  of  vaptans  in  the  ICU 
center  on  their  ability  to  cause  significant  aquaresis 
and  hypovolemia  and  the  potential  for  overly  rapid 
correction  of  serum  sodium.  Hyponatremia  in  ICU 
patients  is  often  multifactorial,  and  patients  with 
SIADH  may  have  concomitant  intravascular  hypo¬ 
volemia.  For  this  reason,  many  experts  recommend 
withholding  vaptans  even  for  strongly  suspected 
SIADH  until  euvolemia  is  certain  [5]. 

Urea  has  been  described  as  a  treatment  for 
SIADH.  It  causes  renal  sodium  retention  and  free 
water  excretion  but  tastes  very  bad  [11].  Excellent 
results  have  been  reported  for  the  administration 
of  urea  via  enteric  tubes  along  with  moderate 
amounts  of  isotonic  saline  in  ICU  patients  with 
hyponatremia  [11-13]. 


Osmotic  Demyelination  Syndrome 
Outcomes 

Outcomes  for  ODS  have  historically  been  pre¬ 
sumed  to  be  very  poor,  but  in  a  2012  study  of  36 
patients  with  ODS,  14  patients  survived  without 
significant  disability  at  one  year.  Patients  with 
alcoholism  were  more  likely  to  have  poor  out¬ 
comes  [14]. 

Prevention 

In  animal  models  of  chronic  hyponatremia,  rapid 
relowering  of  the  serum  sodium  concentration 

after  excessive  correction  can  prevent  ODS  [15]. 
Two  case  reports  have  demonstrated  success  of  this 
approach  in  patients  who  developed  neurological 
symptoms  after  overly  rapid  correction  [16,  17]. 

Patients  with  chronic  renal  failure  rarely 
develop  ODS  despite  large  and  rapid  corrections 
of  hyponatremia  with  hemodialysis  [18,  19]. 
Induced  renal  failure  and  exogenous  urea  admin¬ 
istration  increase  the  rate  of  brain  osmolyte  reac¬ 
cumulation  and  prevent  ODS  during  rapid  sodium 
correction  in  rats;  no  human  studies  of  urea  for 
ODS  prevention  exist  [20,  21]. 
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Case  Presentation 

A  30  year  old  male  with  a  past  medical  history  of 
diabetes  mellitus,  hyperlipidemia,  and  alcohol 
abuse  presented  with  3  days  of  nausea,  vomiting, 
diffuse  abdominal  pain  and  low  urine  output.  He 
admitted  to  using  his  insulin  inconsistently  over 
the  past  week.  His  serum  glucose  was  796  mg/ 
dL,  sodium  124  meq/L,  potassium  5.4  meq/L, 
chloride  80  meq/L,  and  bicarbonate  2  meq/L.  An 
arterial  blood  gas  obtained  in  the  emergency 
department  demonstrated  a  pH  of  6.92,  pC02  9.8, 
and  p02  134  with  the  patient  inspiring  room  air. 
His  leukocyte  count  was  19,600,  with  73  %  neu¬ 
trophils  and  16%  bands.  His  chest  X-ray  was 
normal.  His  electrocardiogram  showed  sinus 
tachycardia.  Urinalysis  revealed  3+  ketones  and 
was  positive  for  leukocyte  esterase. 

On  physical  exam  he  was  afebrile,  his  heart 
rate  was  106  beats/min,  respiratory  rate  28 
breaths/min,  blood  pressure  139/95  mmHg,  and 
oxygen  saturation  99  %  while  breathing  room  air. 
He  weighed  74  kg.  He  was  slightly  cachectic,  but 
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alert  and  oriented  to  person,  place,  and  time.  His 
mucous  membranes  were  dry.  There  was  no 
lymphadenopathy  or  jugular  venous  distention. 
He  was  tachycardic  with  a  regular  rhythm  and 
tachypneic  with  clear  lung  sounds  bilaterally.  His 
abdomen  was  diffusely  tender  to  palpation  with¬ 
out  distention,  guarding,  or  rebound  tenderness. 
His  skin  was  warm  and  dry. 

Question  What  is  the  most  important  initial 
intervention  in  treating  this  patient? 

Answer  Fluid  Resuscitation 

After  establishing  that  there  is  a  patent  airway 
and  adequate  oxygenation,  the  first  intervention 
is  to  provide  a  15-20  mL/kg  fluid  bolus  of  nor¬ 
mal  saline.  Patients  with  diabetic  ketoacidosis 
(DKA)  are  profoundly  hypovolemic  and  often 
have  a  free  water  deficit  as  well.  Administering 
intravenous  (IV)  fluids  decreases  the  plasma 
osmolality  thereby  improving  insulin  responsive¬ 
ness.  After  fluid  resuscitation  is  initiated,  insulin 
replacement  therapy  should  be  given. 

The  patient  was  given  a  2 1  fluid  bolus  of  0.9  % 
sodium  chloride  (NaCl)  then  placed  on  mainte¬ 
nance  infusion  of  0.45%  NaCl  at  a  rate  of 
300  mL/h.  After  the  initial  fluid  bolus,  he  was 
given  10  units  of  IV  insulin  then  started  on  an 
infusion  at  7  units/h.  Once  his  serum  potassium 
dropped  below  5  mEq/L,  potassium  was  added  to 
his  maintenance  fluid.  After  several  hours  his 
serum  glucose  decreased  to  204  mg/dl,  however 
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his  serum  bicarbonate  was  still  low  and  the  anion 
gap  remained  elevated.  As  a  result  5  %  dextrose 
was  added  to  his  IV  fluids  and  the  insulin  infu¬ 
sion  was  continued  until  his  serum  bicarbonate 
and  anion  gap  normalized.  He  was  then  transi¬ 
tioned  to  daily  insulin  glargine  and  pre-meal 
insulin  lispro,  with  4  h  of  overlap  time  between 
the  first  dose  of  insulin  glargine  and  the  discon¬ 
tinuation  of  the  regular  insulin  infusion. 

Broad  spectrum  antibiotics  were  begun  empir¬ 
ically  on  admission.  At  48  h,  urine  culture  grew 
Group  B  Streptococcus  and  antibiotic  coverage 
was  narrowed.  The  patient  was  discharged  home 
after  3  days  in  the  hospital. 

Principles  of  Management 
Diagnosis 

The  diagnosis  of  DKA  is  made  based  on  the  triad 
of  hyperglycemia  (serum  glucose  >250),  meta¬ 
bolic  acidosis  (pH<7.3,  HC03<18),  and  the 
presence  of  ketones  either  in  the  blood  or  urine 
[1,2].  The  anion  gap  =  [Na+]  -  [CL+HC03-]  and 
is  elevated  (>10).  In  DKA,  the  increased  anion 
gap  reflects  unmeasured  keto-acids  in  the  blood, 
although  additional  etiologies  for  elevated  anion 
gap  should  always  be  considered. 

Causes  of  Anion  Gap  Metabolic  Acidosis 

Methanol 

Renal  Failure 

Ketoacidosis  (diabetic,  starvation,  alcoholic) 

Glycols  (ethylene,  propylene) 

Lactic  acidosis  (L-lactate,  D-lactate) 

Salicylates 

Oxoproline  (pyroglutamic  acid) 


The  measured  serum  sodium  level  is  often 
low,  due  to  dilutional  hyponatremia  from  a  shift 
in  fluids  from  the  intracellular  to  the  extracellular 
space.  A  normal  or  elevated  serum  sodium  level 
results  from  a  severe  free  water  deficit.  Serum 
potassium  level  may  also  be  elevated,  normal,  or 
low  depending  on  the  degree  of  acidosis,  the 
amount  of  osmotic  diuresis,  baseline  kidney 
function,  and  the  duration  of  the  disease  process. 
Despite  a  normal  or  high  serum  potassium  level, 
patients  with  DKA  almost  always  have  substan¬ 
tial  depletion  of  total  body  potassium  due  to 
extracellular  shifts  related  to  acidemia  and  uri¬ 
nary  losses. 

Initial  evaluation  of  a  patient  with  suspected 
DKA  should  include  complete  blood  count  with 
differential,  electrolytes,  blood  urea  nitrogen,  cre¬ 
atinine,  phosphorus,  magnesium,  urinalysis,  and 
electrocardiogram  [1,  3].  Amylase  and  lipase  are 
often  elevated  in  DKA  despite  the  absence  of  any 
radiographic  evidence  of  pancreatitis  [4,  5]. 
A  thorough  search  for  infection  should  be  made  in 
all  patients  presenting  with  DKA,  as  moderate  to 
severe  infection  is  often  a  precipitating  factor  [6]. 
Other  acute  medical  conditions  which  may  pre¬ 
cipitate  DKA  include  myocardial  infarction,  cere¬ 
brovascular  accident,  pancreatitis,  and  arterial 
thromboembolism.  In  the  developed  world  most 
deaths  from  DKA  are  seen  in  patients  with  con¬ 
current  illness,  mainly  myocardial  infarction  and 
serious  infection  [7,  8]. 

Fluid  Replacement 

The  average  fluid  deficit  in  patients  with  DKA 
ranges  from  6  to  10  1  [9].  The  free  water  deficit 
can  be  calculated  using  the  patient’s  total  body 
water  based  on  lean  body  weight  times  the  gen¬ 
der  based  dosing  factor  and  measured  sodium: 


Free  Water  Deficit  =  Dosing  Factor  x  weight  (Kg)  x  (Serum  Na+  / 140^-1 

Dosing  Factor  =  0.6  (Male)  and  0.5  (Female) 
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Fluid  replacement  therapy  is  usually  initiated 
with  isotonic  saline.  The  initial  infusion  rate  should 
be  15-20  ml/kg/h  for  the  first  3^4  h  (approximately 
1.0  to  1.5 1/h  for  average  sized  adults),  with  a  maxi¬ 
mum  of  50  ml/kg  within  the  first  4  h. 


After  the  initial  fluid  resuscitation,  the  choice 
of  fluid  replacement  depends  on  the  serum  elec¬ 
trolytes,  the  serum  glucose,  and  urine  output.  The 
sodium  level  should  be  adjusted  for  the  serum 
glucose  concentration  [10]. 


Corrected  Sodium  =  Measured  sodium  +  0.024 x  (Serum  glucose  100) 


If  the  corrected  serum  sodium  level  is  normal 
or  elevated,  then  0.45  %  NaCl  should  be  used  in 
place  on  0.9%  NaCl  to  better  correct  the  free 
water  deficit.  However,  if  the  corrected  serum 
sodium  is  low  or  the  urine  output  is  suboptimal,  a 
persistent  intravascular  volume  deficit  is  likely 
and  0.9%  NaCl  should  be  continued.  Once  the 
serum  glucose  reaches  250  mg/dl,  5  %  dextrose 
should  be  added  to  the  IV  fluids  to  maintain  a 
serum  glucose  between  150-200  mg/dl  until  met¬ 
abolic  acidosis  resolves. 

Insulin 

Insulin  is  typically  administered  as  an  IV  bolus  of 
0.1-0.15  units/kg  followed  by  an  infusion  of  0.1 
units/kg/h.  Prior  to  initiating  insulin  therapy, 
potassium  must  be  repleted  to  at  least  3.3  mEq/L, 
as  insulin  will  shift  potassium  intracellularly, 
worsening  hypokalemia  and  potentially  causing 
cardiac  arrhythmias.  The  target  reduction  in  glu¬ 
cose  levels  is  50-70  mg/dL  each  hour.  If  the  glu¬ 
cose  does  not  fall  by  at  least  50  mg/dL  in  the  first 
hour,  the  insulin  infusion  should  be  doubled 
every  hour  until  the  desired  rate  of  glucose 
decline  is  achieved.  Insulin  therapy  should  not  be 
discontinued  until  metabolic  acidosis  resolves 
and  the  anion  gap  normalizes. 

Electrolyte  Repletion 

If  the  initial  serum  potassium  is  3. 3-5.0  mEq/L, 
20-30  mEq  of  potassium  should  be  added  to  each 
liter  of  fluid.  If  the  initial  serum  potassium  is  ele¬ 
vated,  supplemental  potassium  should  not  be 


given  and  the  serum  potassium  should  be  moni¬ 
tored  every  2-3  h.  The  serum  potassium  should 
be  maintained  between  4-5  mEq/L. 

Routine  phosphate  repletion  is  not  recom¬ 
mended  given  the  absence  of  clear  benefit  and  its 
association  with  hypocalcemia  and  other  electro¬ 
lyte  disturbances  [11-13].  Most  experts,  how¬ 
ever,  recommend  repletion  when  serum  phosphate 
concentration  falls  below  1.0  mg/dl  to  prevent 
skeletal  muscle  weakness  and  respiratory 
failure. 

Magnesium  deficiency  can  result  in  cardiac 
dysrhythmias,  seizures,  muscle  spasm,  and  par¬ 
esthesia.  Magnesium  should  be  replaced  when 
serum  magnesium  levels  fall  below  1.2  mg/dl. 

Treatment  of  Precipitating  Condition 

While  non-adherence  to  insulin  therapy  is  often 
the  precipitating  factor  in  DKA,  other  causes 
such  as  infections  and  additional  acute  medical 
conditions  (e.g.,  pancreatitis,  myocardial  infarc¬ 
tion,  etc.)  should  be  actively  considered  [6, 14].  If 
a  source  of  infection  is  suspected,  concurrent 
treatment  with  appropriate  antimicrobial  therapy 
should  not  be  delayed,  especially  if  signs  of 
shock  are  present. 

Most  patients  with  DKA  will  have  a  leuko¬ 
cytosis  corresponding  to  the  degree  of  acidosis; 
therefore  the  white  blood  cell  count  alone  may 
not  be  a  reliable  predictor  of  infection.  In  one 
study  of  patients  presenting  to  the  emergency 
department  with  DKA,  the  presence  of  a  sig¬ 
nificant  number  of  immature  band  forms  of  leu¬ 
kocytes  (i.e.,  bandemia)  on  the  cell  differential 
had  a  high  sensitivity  and  specificity  for  the 
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presence  of  serious  infection  [15].  Patients  with 
significant  bandemia  should  be  considered  to 
have  a  clinically  relevant  infection  until  proven 
otherwise. 

Complications 

The  most  feared  complication  of  DKA  is  cerebral 
edema;  however  the  vast  majority  of  cases  are 
seen  in  children.  There  have  been  case  reports  of 
adults  developing  cerebral  edema  after  aggressive 
fluid  resuscitation  [16,  17].  Typical  features 
include  headache  and  lethargy  followed  by 
altered  mental  status,  respiratory  depression,  sei¬ 
zures,  and  coma.  Treatment  is  generally  support¬ 
ive.  Mannitol  and  hypertonic  saline  have  been 
used  successfully  to  treat  cerebral  edema  in  DKA 
[18],  although  there  are  no  controlled  trials  to 
support  this  practice. 

Non-cardiogenic  pulmonary  edema  is  another 
potential  complication  of  DKA  treatment  [19]. 
The  pathophysiology  may  be  related  to  decreased 
oncotic  pressure  and  increased  pulmonary  capil¬ 
lary  permeability  [20-22].  Appropriate  fluid 
resuscitation  should  not  be  withheld  in  patients 
with  pulmonary  edema  as  their  intravascular  vol¬ 
ume  may  still  be  low  (Fig.  47.1). 


Evidence  Contour 
Bicarbonate  Infusion 

Use  of  bicarbonate  in  DKA  remains  controversial 
[22].  Prospective  trials  have  not  demonstrated 
any  benefit  or  harm  with  bicarbonate  therapy  in 
patients  with  moderate  metabolic  acidosis 
(pH  >6.9)  [23,  24].  Nonetheless,  severe  meta¬ 
bolic  acidosis  can  impair  cardiac  contractility, 
reduce  oxygen  delivery  by  shifting  the  oxyhemo¬ 
globin  dissociation  curve,  and  cause  organ  dys¬ 
function.  Although  there  are  no  controlled  trials 
supporting  bicarbonate  administration,  most 
experts  recommend  initiating  bicarbonate  ther¬ 
apy  when  the  pH  is  less  than  6.9.  Bicarbonate 
should  be  given  as  an  infusion  of  100  mmol 
sodium  bicarbonate  in  400  ml  sterile  water  with 


20  mEq  of  potassium  over  2  h.  The  pH  should  be 
monitored  and  bicarbonate  stopped  once  pH  is 
greater  than  7.0  [1]. 

Site  of  Care 

Classically  DKA  has  been  treated  with  intrave¬ 
nous  insulin,  often  in  an  intensive  care  unit  set¬ 
ting.  With  current  pressures  to  reduce  costs  and 
lengths  of  stay  while  maintaining  optimal  out¬ 
comes,  much  attention  has  been  focused  on  alter¬ 
native  sites  of  care  for  DKA.  Several  studies  have 
demonstrated  the  safety  and  feasibility  of  treating 
mild  to  moderate  DKA  with  subcutaneous  insu¬ 
lin  analogues.  One  randomized,  prospective  trial 
demonstrated  a  significant  reduction  in  hospital 
charges  with  the  use  of  hourly  subcutaneous 
insulin  lispro  administered  on  the  general  medi¬ 
cal  floor  when  compared  to  the  use  of  an  insulin 
infusion  in  the  ICU,  without  an  increase  in 
adverse  outcomes  [25].  Other  trials  have  also 
demonstrated  the  safety  and  efficacy  of  this 
approach  [26]. 

Form  of  Insulin  Administered 

American  Diabetes  Association  (ADA)  guide¬ 
lines  now  allow  for  the  use  of  subcutaneous  (SC) 
or  intramuscular  (IM)  insulin  as  an  alternative  to 
intravenous  insulin  for  the  treatment  of  DKA  [1]. 
If  SC  or  IM  insulin  is  to  be  used,  the  initial  dose 
of  insulin  should  be  0.4  units/kg  with  half  given 
as  an  IV  bolus  and  half  given  SC  or  IM.  Subsequent 
doses  should  be  0.1  units/kg  SC  or  IM  every 
hour.  If  the  blood  glucose  does  not  fall  by 
50-70  mg/dL  every  hour,  then  additional  IV 
insulin  boluses  (10  units)  can  be  given  hourly. 

Euglycemic  DKA 

Sodium-glucose  cotransporter  2  (SGLT2)  inhibi¬ 
tors,  a  new  class  of  oral  hypoglycemic  agents 
approved  by  the  FDA  for  use  in  patients  with 
type  2  diabetes,  have  been  associated  with  an 
increased  risk  of  DKA  with  unusually  mild 
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Fig.  47.1  Algorithm  of  DKA  management  (Data  from:  Kitabchi  et  al.  [1]) 
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glucose  elevations.  These  drugs  act  by  increasing 
urinary  glucose  excretion,  thereby  keeping  serum 
glucose  low.  Since  glucose  is  the  main  stimulus 
for  endogenous  insulin  release,  plasma  insulin 
levels  decrease.  Plasma  glucagon  levels  increase 
due  to  the  inhibition  of  SGLT2-mediated  glucose 
transport  into  a-cells,  leading  to  lipolysis  and 
lipid  oxidation.  The  result  is  a  relatively  “eugly- 
cemic  DKA  ”  A  high  index  of  suspicion  for  this 
condition  is  warranted  in  patients  who  are  taking 
SGLT2  inhibitors.  Treatment  remains  the  same 
with  the  caveat  that  early  addition  of  dextrose  to 
maintenance  fluids  may  be  necessary. 
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Case  Presentation 

A  48  year  old  male  with  a  history  of  chronic  low 
back  pain  after  involvement  in  a  motor  vehicle 
collision,  tobacco  dependence,  and  chronic 
obstructive  pulmonary  disease  presented  with  a 
four  day  history  of  worsening  respiratory  symp¬ 
toms.  The  patient  complained  of  increasing 
shortness  of  breath,  productive  cough  without 
hemoptysis,  subjective  fever  and  chills,  nausea, 
and  decreased  oral  intake.  At  the  time  of  presen¬ 
tation  the  patient  was  cooperative,  but  disoriented 
to  time  and  place,  tachycardic  and  without  pedal 
edema.  Labored,  coarse  breath  sounds  were 
heard  bilaterally.  It  was  also  noted  on  exam  that 
the  patient  appeared  to  have  bulging  eyes  or  pro¬ 
ptosis.  Chest  radiograph  showed  patchy  intersti¬ 
tial  opacities  in  the  lingula.  He  was  started  on  IV 
hydration  and  received  empiric  antibiotics  for 
community  acquired  pneumonia.  Over  the  course 
of  the  next  4  h  his  respiratory  status  progressively 
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deteriorated  and  he  was  intubated.  An  EKG 
showed  sinus  tachycardia  with  a  heart  rate  of 
160  bpm  with  no  ST-T  wave  changes.  Initial  lab¬ 
oratory  values  included  a  thyroid  stimulating  hor¬ 
mone  (TSH)<0.01  uIU/mL,  free  thyroxine  (T4) 
3.74  ng/dL,  free  triiodothyronine  (T3)  5.71  pg/ 
mL,  venous  lactic  acid  of  2.0  mmol/L,  and  pro 
brain  natriuretic  peptide  (pro  BNP)  1,583  pg/mL. 

Question  What  diagnosis  best  explains  the 
patient’s  laboratory  abnormalities,  EKG  findings, 
and  proptosis  on  exam? 

Answer  Thyroid  Storm 

The  patient’s  presentation  is  most  consistent 
with  thyroid  storm  with  an  underlying  respiratory 
infection  as  a  triggering  factor.  This  patient  was 
started  on  IV  corticosteroids  along  with  oral 
methimazole  and  propranolol  via  a  small  bore 
feeding  tube.  He  was  also  continued  on  IV  hydra¬ 
tion  and  antibiotics  for  community  acquired 
pneumonia.  Results  of  a  sputum  culture  failed  to 
grow  any  pathogenic  organisms  and  rapid  influ¬ 
enza  A  and  B  antigen  testing  was  negative. 
Further  laboratory  testing  revealed  an  elevated 
thyroid  stimulating  immunoglobulin  level 
approximately  four  times  the  upper  limit  of  nor¬ 
mal.  Ultrasound  of  the  thyroid  showed  normal 
size  and  vascularity  with  no  discrete  nodules 
seen.  Within  72  h  the  patient’s  heart  rate, 
respiratory  status,  and  encephalopathy  improved 
and  the  patient  was  successfully  extubated.  The 
patient  was  weaned  off  IV  corticosteroids  and 

425 


©  Springer  International  Publishing  Switzerland  2017 

R.C.  Hyzy  (ed.),  Evidence-Based  Critical  Care ,  DOI  10.1007/978-3-319-43341-7_48 


426 


M.E.  Schmitt  and  R.  Scatena 


maintained  on  lower  doses  of  propranolol  and 
methimazole.  Repeat  laboratory  testing  revealed 
improved  levels  of  free  T4  and  free  T3.  He  was 
able  to  be  transferred  out  of  the  medical  ICU  on 
the  fourth  day,  and  discharged  home  on  medical 
therapy  one  week  later. 

Principles  of  Management 
Incidence 

In  patients  with  critical  illness,  thyroid  function 
plays  a  significant  role  in  maintaining  the  normal 
physiologic  environment  and  any  disturbance  can 
adversely  affect  the  outcome  and  prognosis  in 
these  patients  [1].  Thyroid  storm  is  defined  as  a 
rare,  life-threatening  augmentation  of  the  mani¬ 
festations  of  severe  thyrotoxicosis. 

Prevalence  estimates  for  the  condition  are 
roughly  1  %  of  hospitalized  subjects  with  hyper¬ 
thyroidism,  and  less  than  10%  of  patients  hospi¬ 
talized  for  thyrotoxicosis  [2].  The  condition  is 
more  frequent  in  the  female  gender,  with  a  female 
to  male  ratio  of  about  3  to  1  [3]. 

Prompt  identification  and  adequate  treatment 
is  essential  as  prognosis  is  unfavorable  in  many 
cases  [4].  Support  of  the  patient  in  an  intensive 
care  unit  is  crucial,  given  the  mortality  rate  of 
approximately  10-30%  [3,  5].  Death  is  attributed 
to  multi-organ  failure  in  about  25  %  of  patients 
and  because  of  congestive  heart  failure  in  about 
20%  of  patients  [3]. 

Etiology 

The  factors  contributing  to  the  development  of 
thyroid  storm  have  not  been  completely  eluci¬ 
dated.  Levels  of  serum  free  T4,  the  prohormone, 
and  free  T3,  the  active  thyroid  hormone,  are 
approximately  as  high  as  in  patients  with  uncom¬ 
plicated  thyrotoxicosis.  The  severity  of  presenta¬ 
tion  is  not  correlated  with  hormone  levels  [3]. 
The  most  agreed  upon  hypotheses  concerning  the 
development  of  thyroid  storm  include  increased 
responsiveness  to  catecholamines,  a  rapid  rate  of 
increase  in  serum  thyroid  hormone  levels,  or 


enhanced  cellular  responses  to  thyroid  hormone 
[5].  There  are  numerous  known  triggers  of  thyro¬ 
toxic  storm,  and  the  most  common  triggers  are 
listed  below  in  Table  48.1  [6]. 

Presentation 

In  many  cases  thyroid  storm  presents  as  multi¬ 
organ  failure  with  the  constellation  of  symptoms 
resembling  an  exaggeration  of  the  usual  symp¬ 
toms  of  hyperthyroidism  [7,  8].  The  organs  mainly 
affected  by  excess  thyroid  hormone  are  the  heart, 
nervous  system,  gastrointestinal  tract,  and  the 
liver  [9-12].  Cardiovascular  symptoms  include 
atrial  tachycardia  to  rates  that  can  exceed  140 
beats/min,  congestive  heart  failure,  and  atrial 
fibrillation.  Hypotension,  ventricular  tachycardia, 
arrhythmia,  and  death  from  cardiovascular  col¬ 
lapse  can  also  occur  [13].  Fever  is  a  frequent 
event,  and  hyperpyrexia  of  104  °F  to  106  °F  is 
common.  Altered  mental  status  with  agitation, 
anxiety,  delirium,  psychosis,  stupor,  or  coma  is 
often  encountered  and  considered  by  many 
experts  to  be  integral  to  the  diagnosis  [14].  Severe 
nausea,  abdominal  pain,  vomiting,  diarrhea,  or 
hepatic  failure  with  jaundice  may  occur  [15]. 
Physical  examination  may  show  warm  and  moist 

Table  48.1  Triggers  of  thyroid  storm 

Common  Known  Triggers  of  Thyroid  Storm : 

Withdrawal  of  anti-thyroid  drug  therapy 

Iodide  compound  intake  or  radioiodine  (I131  or  I123) 
therapy  in  patients  with  Graves’  disease  or 
autonomously  functioning  thyroid  nodules 

Major  surgery,  particularly  thyroidectomy 
Trauma,  especially  in  the  neck  area 
Systemic  infections 
Pregnancy/parturition 
Diabetic  ketoacidosis 
Severe  emotional  stress 
Cerebrovascular  disease 
Pulmonary  thromboembolism 
Intense  exercise 

Use  of  tyrosine-kinase  inhibitors  (particularly 
sorafenib) 

Minor  surgery  (such  as  extraction  of  teeth) 

Papi  et  al.  [6] 
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skin,  hand  tremor,  lid  lag,  goiter,  and  ophthalmop¬ 
athy  (in  the  occurrence  of  Graves’  disease)  [15]. 
Clinicians  should  be  aware  that  clinical  symptom¬ 
atology  can  pose  difficulties  in  distinguishing  thy¬ 
roid  storm  from  other  medical  emergencies,  such 
as  neuroleptic  malignant  syndrome,  malignant 
hyperthermia,  and  pheochromocytoma  [7]. 

Diagnosis 

In  critically  ill  patients  the  diagnosis  of  thyroid 
storm  is  essentially  a  clinical  one  with  laboratory 
tests  of  thyroid  function  being  confirmatory  in  the 
appropriate  setting  [14].  Clinicians  may  base  the 
diagnosis  of  thyroid  storm  on  several  factors, 
which  include  a  history  of  thyroid  disease  and 
potential  triggering  factors,  typical  signs  and 
symptoms,  and  serum  free  T3  and  free  T4  concen¬ 
trations  exceeding  the  normal  reference  range  and 
suppression  of  TSH  levels  [16].  In  all  patients  with 
suspected  thyroid  storm,  thyroid  function  tests 
(TSH,  free  T4,  and  free  T3)  should  be  assessed. 
Because  hormone  levels  in  thyroid  storm  patients 
are  generally  not  higher  than  in  patients  with 
uncomplicated  overt  hyperthyroidism,  the  degree 
of  hyperthyroidism  is  not  a  diagnostic  criterion 
[17].  The  clinical  findings  in  suspected  patients  are 
frequently  associated  with  elevation  of  serum  bili¬ 
rubin  and  transaminase  levels,  hyperglycemia, 
low  total  cholesterol  values,  leukocytosis  or 
leukopenia,  and  electrolyte  imbalances  [18]. 
Hyperglycemia  is  due  to  a  catecholamine-induced 
inhibition  of  insulin  release  and  increased  glyco- 
genolysis.  Hypercalcemia  may  be  secondary  to 
hemoconcentration  and  enhanced  bone  resorption 
[17].  Radioiodine  uptake  is  not  necessary  for  the 
diagnosis  in  suspected  patients,  and  treatment 
should  not  be  delayed  for  scanning  in  patients  with 
clinical  manifestations  compatible  with  thyroid 
storm  [15]. 

Treatment 

Treating  thyroid  storm  generally  follows  the 
same  principles  as  treating  those  with  uncompli¬ 
cated  hyperthyroidism,  except  that  the  medica¬ 


tions  are  given  more  frequently  and  in  higher 
doses  [15].  Because  the  mortality  rate  of  thyroid 
storm  can  be  substantial,  full  support  of  the 
patient  in  an  intensive  care  unit  is  considered 
essential  [3,  5].  The  specific  principles  of  thyroid 
storm  treatment  are  based  upon  case  studies  and 
clinical  experience  [15].  In  addition  to  specific 
therapy  directed  against  the  thyroid,  supportive 
therapy  (e.g.,  supplemental  oxygen,  intubation 
and  mechanical  ventilation,  fluid  resuscitation, 
electrolyte  correction)  and  recognition  and  treat¬ 
ment  of  precipitating  factors  are  crucial  compo¬ 
nents  in  optimizing  the  final  outcome  [15]. 

In  general  the  therapeutic  regimen  typically 
relies  on  the  following  medications,  with  a  rec¬ 
ommended  medication  dosing  guide  shown 
below  in  Table  48.2. 

Table  48.2  Medication  dosing  guide 

*  Principles  of  medication  dosing  outlined  below  are 
based  upon  clinical  experience  and  case  studies 

Beta-Blockers 

Propranolol:  60-80  mg  PO  every  4-6  h;  1-2  mg  IV 
every  4-8  h 

Esmolol:  Loading  dose  of  250-500  mcg/kg  followed 
by  infusion  at  50-100  mcg/kg  per  minute 

Thionamides 

Propylthiouracil  (PTU):  200  mg  PO  every  4  h;  PTU 
enema  (eight  50  mg  tablets  of  PTU  dissolved  in  90  mL 
of  sterile  water);  PTU  suppository  (200  mg  of  PTU 
dissolved  in  polyethylene  glycol  base) 

Methimazole:  15-20  mg  PO  every  4-6  h 

Iodine  Solutions 

Potassium  iodide-iodine  (Lugol’s)  solution:  10  drops 
(8  mg  iodide/iodine  per  drop  [0.05  mL]  every  6  h 

Saturated  solution  of  potassium  iodide  (SSKI):  5  drops 
(50  mg  iodide/drop  [0.05  mL]  every  6  h 

*Iodine  solutions  can  be  irritating  and  should  be 
diluted  in  240  mL  or  more  of  beverage 

Iodinated  radiocontrast  agents 

Sodium  ipodate:  500-1000  mg/day  PO 

Iopanoic  acid:  500-1000  mg/day  PO 

Glucocorticoids 

Hydrocortisone:  100  mg  IV  every  8  h 
Lithium 

Lithium  carbonate:  300  mg  PO  every  6-8  h 

*  Renal  and  neurologic  toxicity  limit  lithium  utility 

Ross  [15] 

Papi  et  al.  [6] 

No  universally  agreed  upon  doses  and  routes  of  adminis¬ 
tration  for  the  medications  used  to  treat  thyroid  storm 
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Beta-Blockers 

These  medications  are  cornerstones  of  treatment 
in  most  patients  with  severe  hyperthyroidism. 
Caution  is  advised  when  using  these  medications 
in  patients  with  heart  failure;  however  it  is  impor¬ 
tant  to  note  that  improvement  in  cardiac  function 
may  be  seen  with  control  of  tachycardia. 
Propranolol  is  often  the  drug  of  choice  because  it 
antagonizes  the  increased  binding  of  catechol¬ 
amines  to  beta-adrenergic  receptors  and  it  reduces 
the  peripheral  deiodination  of  T4  to  T3,  the  pro¬ 
cess  by  which  the  majority  of  T3  is  created  [6]. 
An  alternative  to  propranolol  is  to  utilize  the 
short-acting  beta-blocker  esmolol.  Esmolol  use 
permits  rapid  titration  of  the  drug  to  achieve  the 
desired  effect  while  minimizing  adverse  reactions 

[19] .  In  patients  with  severe  reactive  airways  dis¬ 
ease,  cardioselective  beta-blockers  may  be  con¬ 
sidered,  but  should  be  used  with  caution  [15]. 

Thionamides 

Thionamides  block  de  novo  thyroid  hormone 
synthesis  roughly  within  1-2  h  after  administra¬ 
tion.  However,  it  is  noted  that  these  medications 
have  no  effect  on  the  release  of  preformed  hor¬ 
mone  from  the  thyroid  gland.  In  the  United  States 
the  thionamide  drugs  available  are  propylthioura¬ 
cil  (PTU)  and  methimazole. 

No  consensus  data  exist  that  show  patients  do 
better  clinically  with  one  thionamide  over 
another.  Some  sources  suggest  starting  treatment 
for  life-threatening  thyroid  storm  with  PTU  since 
it  can  be  administered  regularly  every  four  hours 
in  an  intensive  care  unit,  and  because  PTU,  but 
not  methimazole,  blocks  T4  to  T3  conversion 

[20] .  However,  because  methimazole  has  a  lon¬ 
ger  duration  of  action  and  is  less  hepatotoxic  than 
PTU  it  may  be  preferred  for  severe  but  not  life- 
threatening  hyperthyroidism.  Patients  who  are 
started  on  PTU  in  the  intensive  care  unit  should 
be  transitioned  to  methimazole  before  discharge 
from  the  hospital. 

Both  propylthiouracil  and  methimazole  can  be 
given  orally  via  tablets  or  suspended  in  liquid. 
Both  drugs  can  also  be  made  up  as  a  suppository 
or  enema  for  rectal  administration  [17,  21,  22]. 
There  are  also  case  reports  of  PTU  being  given 
intravenously  in  order  to  attain  euthyroidism  [21]. 


Iodine  Containing  Solutions 

These  medications  help  block  the  release  of  T4 
and  T3  from  the  thyroid  gland  within  hours  and 
are  traditionally  used  in  the  treatment  of  thyroid 
storm.  Importantly,  the  administration  of  iodine 
should  be  delayed  for  at  least  one  hour  after  thi¬ 
onamide  administration  in  order  to  prevent  the 
iodine  from  acting  as  substrate  for  new  hormone 
synthesis  [17].  Oral  doses  are  potassium  iodide- 
iodine  (Lugol’s)  solution  or  saturated  solution  of 
potassium  iodide  (SSKI).  Iodine  containing  solu¬ 
tions  can  also  be  given  rectally  [21,  22].  Because 
these  solutions  may  irritate  the  gastrointestinal 
tract,  they  should  be  diluted  in  240  mL  or  more  of 
beverage  and  taken  with  food.  Local  esophageal 
or  duodenal  mucosal  injury  and  hemorrhage  have 
been  reported  after  oral  administration  of  potas¬ 
sium  iodide-iodine  solution  [23]. 

Glucocorticoids 

Glucocorticoids  reduce  T4  to  T3  conversion. 
They  may  also  treat  potentially  associated  adre¬ 
nal  insufficiency  and  have  a  direct  effect  on  any 
underlying  thyroid  related  autoimmune  process 
[24].  Limited  data  suggest  improved  outcomes 
with  the  use  of  glucocorticoids  for  the  treatment 
of  thyroid  storm  [25].  Therefore,  it  is  reasonable 
to  consider  administering  hydrocortisone  in 
patients  with  thyroid  storm. 

Patients  Unable  to  Take  a  Thionamide 

Some  patients  must  discontinue  thionamides 
because  of  side  effects  such  as  agranulocytosis, 
hepatotoxicity,  or  allergic  reaction.  In  such 
patients  who  require  urgent  treatment  of  hyper¬ 
thyroidism,  thyroidectomy  is  the  treatment  of 
choice.  Preoperative  treatment  of  thyrotoxicosis 
is  required  in  patients  who  are  to  undergo  surgery, 
and  this  typically  involves  medications  such  as 
beta-blockers,  glucocorticoids,  and  iodine  con¬ 
taining  solutions  [26] . 

Evidence  Contour 

Several  aspects  involving  the  diagnosis  and  man¬ 
agement  in  patients  with  suspected  thyroid  storm 
remain  without  clear  consensus  given  limited 
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data  and  clinical  trials.  These  approaches  should 
be  considered  attempts  to  find  the  optimal  diag¬ 
nosis  and  treatment  for  these  patients  in  the  face 
of  the  available  medical  literature.  As  such,  cau¬ 
tion  should  be  taken  when  applying  these 
approaches  as  novel  risks  and  benefits  may  be 
revealed  by  the  evolving  medical  literature. 

Diagnostic  Clinical  Tools 

Definitively  diagnosing  thyroid  storm  can  be  dif¬ 
ficult  as  there  are  no  universally  accepted  criteria 
or  validated  clinical  tools  for  diagnosis  [15]. 
However,  in  an  effort  to  standardize  and  objec¬ 
tify  thyroid  storm  Mazzaferri  et  al.  introduced 
diagnostic  criteria  for  thyroid  storm  in  1969 
[25].  In  1993  Burch  and  Wartofsky  delineated  a 
point  system  assessing  degrees  of  dysfunction  in 
various  systems  to  identify  thyroid  storm  patients 
more  definitively  [17],  as  shown  in  Table  48.3. 
While  the  scoring  system  is  likely  sensitive,  it  is 
not  very  specific  [15].  Alternative  diagnostic  cri¬ 
teria  based  upon  clinical  findings  similar  to  that 
of  the  Burch  and  Wartofsky  scoring  system  has 
been  proposed  [3].  More  recently,  Akamizu 
et  al.  reported  diagnostic  criteria  for  thyroid 
storm  based  on  Japanese  nationwide  surveys. 
They  utilized  five  symptoms,  which  included 
central  nervous  system  manifestations,  fever, 
tachycardia,  congestive  heart  failure,  and 
gastrointestinal-hepatic  manifestations,  to  define 
diagnostic  criteria  for  cases  of  thyroid  storm, 
with  “definite”  having  at  least  4  and  “suspected” 
meeting  at  least  three  criteria  [6].  Overall,  the 
diagnostic  criteria  for  thyroid  storm  proposed  by 
Akamizu  et  al.  does  not  appear  to  offer  substan¬ 
tial  advantage  over  the  prior  Burch  and  Wartofsky 
scoring  system.  It  is  worth  noting  that  in  the 
Japanese  nationwide  survey  series  thyroid  storm 
patients  affected  by  Graves’  disease  exceeded 
95  %,  whereas  in  some  non- Asian  series  a  higher 
incidence  of  patients  with  toxic  nodular  goiter, 
iodine  induced  hyperthyroidism,  or  destructive 
thyroiditis  were  seen  [6].  Therefore,  certain 
physical  and  clinical  manifestations  may  be 
expressed  to  different  degrees  in  different  patient 
populations  [6]. 


Table  48.3  Diagnostic  criteria  for  thyroid  storm 


Diagnostic  parameters 

Point 

score 

Thermoregulatory  dysfunction 

5 

Temperature 

10 

99-99.9  °F 

15 

100-100.9  °F 

20 

O 

1 

o 

\o 

o 

"11 

25 

102-102.9  °F 

30 

103-103.9  °F 

>104.0  °F 

Central  nervous  system  effects 

0 

Absent 

10 

Mild  (agitation) 

20 

Moderate  (delirium,  psychosis,  extreme 

30 

lethargy) 

Severe  (seizures,  coma) 

Gastrointestinal-hepatic  dysfunction 

0 

Absent 

10 

Moderate  (diarrhea,  nausea/vomiting, 

20 

abdominal  pain) 

Severe  (unexplained  jaundice) 

Cardiovascular  dysfunction 

5 

Tachycardia  (beats /min) 

10 

99-109 

15 

110-119 

20 

120-129 

25 

130-139 

>140 

Atrial  fibrillation 

0 

Absent 

10 

Present 

Congestive  heart  failure 

0 

Absent 

5 

Mild  (pedal  edema) 

10 

Moderate  (bibasilar  rales) 

15 

Severe  (pulmonary  edema) 

Precipitating  event 

0 

Absent 

10 

Present 

Adapted  from:  Burch  and  Wartofsky  [4] 

Scoring  system:  A  score  of  45  or  greater  is  highly  sugges¬ 
tive  of  thyroid  storm;  a  score  of  25-44  is  suggestive  of 
impending  storm;  and  a  score  below  25  makes  thyroid 

storm  unlikely 

lodinated  Radiocontrast  Agents 

Sodium  ipodate  and  iopanoic  acid,  two  oral 
iodine-containing  drugs  marketed  as  oral  chole- 
cystographic  agents,  have  been  used  in  the  treat¬ 
ment  of  hyperthyroidism  and  thyroid  storm. 
However,  at  this  time  neither  iopanoic  acid  nor 
ipodate  are  available  in  the  United  States,  and  it  is 
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unclear  if  they  will  ever  again  be  marketed  in  the 
United  States  [27].  These  agents  are  potent  inhib¬ 
itors  of  5'-monodeiodinase,  thereby  impairing 
the  extrathyroidal  conversion  of  T4  to  T3.  Also, 
the  release  of  iodine  in  pharmacologic  quantities 
from  these  drugs  is  able  to  block  thyroid  hor¬ 
mone  release.  Doses  in  most  studies  have  ranged 
from  500  to  1000  mg  as  a  single  daily  dose.  Both 
agents  do  have  limitations  to  their  use,  as  they  are 
not  as  effective  as  methimazole  or  propylthioura¬ 
cil  in  controlling  the  hyperthyroidism,  and  the 
relapse  rate  after  therapy  is  discontinued  is  higher 
[27].  There  are  also  additional  problems  with  the 
use  of  these  drugs.  These  problems  include 
inducing  hyperthyroidism  that  is  resistant  to  con¬ 
ventional  doses  of  thionamides  and  providing 
iodine  substrate  for  de  novo  hormone  synthesis 
by  autonomous  thyroid  tissue,  leading  to  more 
severe  hyperthyroidism  [28].  The  agents  should 
only  be  considered  for  use  in  the  setting  of  toxic 
adenoma  or  toxic  multinodular  goiter  if  thyroid 
hormone  synthesis  is  first  blocked  by  the  admin¬ 
istration  of  a  thionamide  [27]. 

Extracorporeal  Plasmapheresis 

Plasmapheresis  is  an  additional  tool  for  removing 
circulating  T4  and  T3  in  patients  who  do  not 
respond  quickly  to  conventional  standard  therapy 
[6] .  This  is  possible  because  a  significant  propor¬ 
tion  of  thyroid  hormone  is  bound  to  serum  pro¬ 
teins  and  plasmapheresis  is  able  to  remove  protein 
bound  substances  including  thyroid  hormones. 
Because  one  of  the  tenets  of  conventional  treat¬ 
ment  of  thyroid  storm  is  to  subdue  the  effect  of  T4 
and  T3  on  peripheral  tissue,  the  removal  of  circu¬ 
lating  T4  and  T3  by  plasmapheresis  represents  a 
possible  therapeutic  option  [14].  There  are  multi¬ 
ple  case  reports  highlighting  the  successful  use  of 
plasmapheresis  in  the  treatment  of  patients  with 
thyroid  storm.  In  one  report,  a  woman  with 
Graves’  disease  and  methimazole  induced  agran¬ 
ulocytosis  developed  thyroid  storm  after  methim¬ 
azole  was  discontinued  [29].  Treatment  with 
plasmapheresis  resulted  in  marked  improvement 
in  thyrotoxicosis  within  three  days,  allowing  thy¬ 
roidectomy  for  definitive  therapy  [29] . 


L-Carnitine 

L-Carnitine  is  a  quaternary  amine  ubiquitous  in 
mammalian  tissues.  It  is  a  key  factor  in  energy 
production,  and  its  cellular  levels  decrease  in  sev¬ 
eral  diseases,  including  hyperthyroidism  and  thy¬ 
roid  storm  [30].  L-Carnitine  has  been  shown  to 
inhibit  thyroid  hormone  entry  into  cell  nuclei, 
indicating  that  it  is  a  naturally  occurring  inhibitor 
of  thyroid  hormone  action  [31].  Oral  doses  usu¬ 
ally  range  between  1  and  4  g  per  day.  L-Carnitine 
was  able  to  reverse  and  prevent  symptoms  of 
hyperthyroidism  in  a  single  randomized,  double¬ 
blind,  and  placebo-controlled  clinical  trial  [31].  It 
has  also  been  used  effectively  together  with  low 
doses  of  methimazole  in  successive  thyroid 
storms  [30]. 
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Case  Presentation 

A  54-year-old  man  with  a  history  of  alpha- 1  anti¬ 
trypsin  deficiency  complicated  by  cirrhosis,  type 
2  diabetes  mellitus,  and  hypothyroidism  pre¬ 
sented  after  being  found  unresponsive  at  home. 
In  the  field,  he  had  a  heart  rate  of  44  beats  per 
minute  (bpm)  in  sinus  rhythm,  and  a  fingerstick 
blood  glucose  of <30  mg/dL.  He  was  adminis¬ 
tered  2  amps  of  50  %  dextrose  in  water. 

On  arrival  to  the  Emergency  Department,  his 
fingerstick  blood  glucose  was  164  mg/dL  but 
again  declined,  and  a  10%  dextrose  drip  was  ini¬ 
tiated.  His  heart  rate  ranged  as  low  as  31  bpm 
with  concomitant  hypotension;  systolic  blood 
pressure  was  75  mmHg.  Atropine  1  mg  was 
administered  intravenously  with  minimal  effect. 
A  central  line  was  placed,  and  vasopressors  were 
initiated.  He  was  afebrile.  Glasgow  Coma  Score 
was  12  with  ongoing  snoring  breaths  and  gur¬ 
gling  of  secretions.  Respiratory  rate  was  as  low 
as  9  breaths  per  minute.  He  was  intubated.  A 
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head  CT  revealed  no  acute  intracranial  abnormal¬ 
ities.  He  was  admitted  to  the  intensive  care  unit 
(ICU). 

According  to  family,  he  had  not  been  experi¬ 
encing  fever  or  chills,  but  he  had  complained  of 
fatigue,  abdominal  pain,  and  feeling  cold  over  the 
last  few  months.  He  had  chronic  ascites  and 
lower  extremity  edema  controlled  with  paracen¬ 
teses  and  diuretics.  His  medications  at  the  time  of 
admission  included  midodrine,  rifaximin,  lactu¬ 
lose,  long-acting  insulin,  and  levothyroxine. 

Pertinent  laboratory  values  included  a  white 
blood  cell  count  of  8000,  a  normal  ammonia  level, 
a  serum  sodium  of  136  mmol/L,  a  serum  potas¬ 
sium  of  3.8  mmol/L,  an  uncorrected  anion  gap  of 
11,  and  a  serum  albumin  of  2.9  g/dL.  Serum  cre¬ 
atinine  was  1.9  mg/dL,  which  was  improving 
after  a  recent  episode  of  acute  kidney  injury. 

Question  What  is  the  differential  diagnosis? 

Answer  The  differential  diagnosis  for  this  patient 
presenting  with  altered  mental  status,  hypotension, 
bradycardia,  and  hypoglycemia  is  broad. 

Most  likely  diagnoses  include  septic  shock, 
hypothyroidism  with  myxedema  coma,  drug 
overdose  or  ingestion  (such  as  beta-blocker  or  cal¬ 
cium  channel  blocker),  and  adrenal  insufficiency. 

Given  this  differential,  the  patient  was  started 
empirically  on  broad  spectrum  antibiotics. 
Ongoing  supportive  care  included  dextrose  and 
vasopressor  infusion.  Cultures  of  blood,  sputum, 
urine,  and  ascitic  fluid  were  all  negative,  and  radio- 

433 


©  Springer  International  Publishing  Switzerland  2017 

R.C.  Hyzy  (ed.),  Evidence-Based  Critical  Care ,  DOI  10.1007/978-3-319-43341-7_49 


434 


A.M.  Ahasic  and  A.  Ramaswamy 


graphic  imaging  did  not  reveal  evidence  of  a  spe¬ 
cific  infectious  focus  making  septic  shock  unlikely. 
Free  thyroxine  and  total  T4  were  within  normal 
limits,  ruling  out  hypothyroid-related  crisis.  Serum 
and  urine  toxicology  screens  were  negative 
although  these  panels  do  not  include  beta-blockers 
or  calcium  channel  blockers.  Beta-blocker  over¬ 
dose  can  present  with  hypotension,  bradycardia, 
hypoglycemia,  and  mental  status  changes.  Calcium 
channel  blocker  overdose  can  also  present  with 
hypotension  and  bradycardia,  but  typically  it 
causes  hyperglycemia,  although  this  can  be  masked 
in  a  patient  taking  long-acting  insulin.  This  patient 
had  not  been  prescribed  and  did  not  have  access  to 
either  beta-blockers  or  calcium  channel  blockers, 
however,  making  overdose  unlikely. 

Adrenal  insufficiency  with  acute  crisis  was 
thus  considered  the  most  likely  diagnosis  given 
symptoms  of  fatigue  and  abdominal  pain,  hypo¬ 
glycemia  and  shock.  The  patient  also  has  other 
endocrinopathies  (i.e.  diabetes  and  hypothyroid¬ 
ism)  that  increase  his  risk  of  coexisting  adrenal 
disease  [1].  He  was  started  on  intravenous  hydro¬ 
cortisone,  which  facilitated  rapid  weaning  off  of 
vasopressors.  A  random  cortisol  level  was  drawn 
and  was  reported  as  7.8  mcg/dL.  Sixty  minutes 
after  administration  of  250  meg  of  ACTH,  a  max¬ 
imum  value  of  1 1  mcg/dL  was  obtained.  His  men¬ 
tal  status  also  rapidly  improved  following  the 
administration  of  intravenous  hydrocortisone,  and 
he  was  extubated  the  day  after  his  admission.  CT 
scan  of  the  abdomen  and  pelvis  showed  no  obvi¬ 
ous  hemorrhage  or  other  pathology  involving  the 
adrenal  glands. 

Principles  of  Management 

Presentation  of  Adrenal  Insufficiency 

The  presentation  of  the  patient  with  adrenal 
insufficiency  will  vary  based  on  whether  adrenal 
insufficiency  is  primary  or  secondary.  Primary 
adrenal  insufficiency,  or  Addison’s  disease,  is 
caused  by  deficiency  of  all  cortical  hormones 
(cortisol,  aldosterone,  and  androgens)  due  to 
local  adrenocortical  disease.  It  is  commonly 
caused  by  autoimmune  or  congenital  disease, 


drugs,  infection  (e.g.  tuberculosis),  or  adrenal 
hemorrhage  [2].  The  remainder  of  the 
hypothalamic-pituitary-adrenal  (HPA)  axis  is 
typically  intact.  In  primary  adrenal  insufficiency, 
cortisol  levels  are  low  and  adrenocorticotropic 
hormone  (ACTH)  levels  are  high. 

Secondary  or  tertiary  adrenal  insufficiency 
(commonly  grouped  together  as  secondary  adre¬ 
nal  insufficiency)  occurs  due  to  pituitary  or  hypo¬ 
thalamic  disorders,  respectively.  In  secondary 
adrenal  insufficiency,  both  cortisol  and  ACTH 
levels  are  low  [3].  Broadly  speaking,  secondary 
adrenal  insufficiency  results  from  dysregulation 
of  the  HPA  axis  and  constitutes  the  most  common 
cause  of  adrenal  insufficiency  in  the  ICU  popula¬ 
tion.  Estimates  of  the  incidence  of  adrenal  insuf¬ 
ficiency  in  critically  ill  patients  range  from  0  to 
30%,  and  as  high  as  40-60%  in  septic  shock  [4- 
6].  Many  drugs  can  contribute  to  adrenal  insuffi¬ 
ciency,  including  exogenous  glucocorticoid 
therapy,  ketoconazole,  megestrol,  antidepressants 
(e.g.,  imipramine),  antipsychotics  (e.g.,  chlor- 
promazine),  etomidate,  and  mifepristone  [1-3]. 

Acute  adrenal  crisis  is  a  life-threatening  medi¬ 
cal  emergency  caused  by  insufficient  levels  of 
cortisol.  In  some  cases,  this  may  be  the  initial 
presentation  of  adrenal  insufficiency  [3]. 
Addisonian  crisis  refers  to  acute  crisis  from  pri¬ 
mary  adrenal  disease.  Clinical  features  of  an 
acute  adrenal  crisis  can  include  fever,  weakness 
and  fatigue,  orthostasis,  abdominal  pain,  vomit¬ 
ing,  hypotension  refractory  to  fluid  resuscitation 
and  vasopressors,  eosinophilia,  electrolyte  distur¬ 
bances  including  hyponatremia,  hypoglycemia, 
and  shock.  Additionally,  in  primary  adrenal 
insufficiency  (Addison’s  disease),  patients  may 
exhibit  salt  craving,  hyperkalemia  with  metabolic 
acidosis,  and  hyperpigmentation  [4,  7]. 

Absolute  Versus  Relative  Adrenal 
Insufficiency  and  Critical-Illness 
Related  Corticosteroid  Insufficiency 
(CIRCI) 

‘Absolute”  adrenal  insufficiency  refers  to 
decreased  baseline  production  of  adrenal  cortical 
hormones,  as  in  primary  adrenal  insufficiency.  In 
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the  absence  of  acute  stress,  absolute  adrenal 
insufficiency  is  diagnosed  with  a  morning  corti¬ 
sol  level  <3  mcg/dL  that  remains  lower  than 
18-20  mcg/dl  despite  ACTH  stimulation  testing 
(see  below  for  discussion  of  ACTH  stimulation 
testing)  [6]. 

Absolute  adrenal  insufficiency  with  acute 
adrenal  crisis  is  seen  less  commonly  in  the  ICU 
than  CIRCI,  sometimes  referred  to  as  “relative” 
adrenal  insufficiency.  CIRCI  has  no  standardized 
diagnostic  criteria,  but  it  is  defined  as  inadequate 
cellular  corticosteroid  activity  for  the  severity  of 
critical  illness  [8].  It  is  commonly  seen  in  the 
critically  ill  population  and  can  present  much 
more  subtly  than  acute  Addisonian  crisis.  Patients 
may  have  cortisol  levels  within  the  normal  range 
or  above,  but  levels  are  inappropriately  low  for 
the  acute  stress  of  critical  illness. 

CIRCI  occurs  due  to  various  pathophysiologic 
mechanisms  including  decrease  in  corticosteroid¬ 
binding  globulin  (CBG)  by  up  to  50%,  down- 
regulation  of  steroid  receptors,  decreased 
translocation  of  receptors  into  the  nucleus,  end- 
organ  resistance  to  cortisol,  decreased  synthesis 
of  cortisol  due  to  low  levels  of  cholesterol  sub¬ 
strates,  and  excess  levels  of  inflammatory  media¬ 
tors  and  cytokines  which  in  turn  inhibit  the  HPA 
axis  and  adrenal  activity  [9-11].  CIRCI  typically 
occurs  in  the  setting  of  an  exuberant  inflamma¬ 
tory  response  temporarily  blunting  cortisol  secre¬ 
tion  during  a  severe  illness;  steroid  resistance  in 
tissues  and  other  mechanisms  may  also  contrib¬ 
ute  to  its  presentation  [5].  While  CIRCI  is  typi¬ 
cally  seen  in  ICU  patients  with  diagnoses  such  as 
pneumonia,  sepsis,  acute  respiratory  distress  syn¬ 
drome  (ARDS),  trauma,  and  burns  [3,  11],  it  has 
also  been  described  after  administration  of  cer¬ 
tain  medications  such  as  etomidate  [3,5].  Patients 
with  underlying  severe  liver  dysfunction  have 
higher  rates  of  adrenal  failure  (“hepatoadrenal 
syndrome”),  possibly  due  to  lower  lipoprotein 
levels  for  steroid  synthesis  [12]. 

Physicians  should  have  a  high  index  of  suspi¬ 
cion  for  the  occurrence  of  adrenal  insufficiency 
including  CIRCI  in  any  ICU  patient  who  has  per¬ 
sistent  hypotension  requiring  vasopressors. 
CIRCI  can  develop  at  any  time  during  critical  ill¬ 
ness  and  is  not  always  present  at  ICU  admission. 


Adrenal  insufficiency  is  known  to  increase  mor¬ 
tality  in  critically  ill  patients  [7]. 

Interpretation  of  Test  Results 
in  Critically  III  Patients 

The  two  most  common  tests  used  to  diagnose 
adrenal  insufficiency  in  the  non-critically  ill  pop¬ 
ulation  are  measurement  of  morning  cortisol  and 
the  ACTH  stimulation  test.  Both  tests  are  more 
challenging  to  interpret  in  critically  ill  patients. 

Measurement  of  Serum  Cortisol 

Free  unbound  cortisol  is  the  physiologically 
active  form,  but  the  serum  cortisol  does  not  dis¬ 
tinguish  free  cortisol;  it  detects  total  levels  of  cor¬ 
tisol  circulating  in  the  blood,  both  protein-bound 
and  unbound.  Approximately  90  %  of  cortisol  is 
protein-bound,  either  to  CBG  (70%)  or  to  albu¬ 
min  (10-20%)  [7].  In  critical  illness,  the  concen¬ 
tration  of  CBG  can  decrease  by  up  to  50%,  and 
many  ICU  patients  are  also  hypoalbuminemic, 
resulting  in  a  higher  percentage  of  free  cortisol  in 
circulation.  Serum  cortisol  levels  may  thus  under¬ 
represent  the  level  of  active  cortisol  in  these 
patients,  especially  when  albumin  levels  are 
below  2.5  mg/dL  [8,  13]. 

Measurement  of  serum  free  cortisol  is  possi¬ 
ble,  but  testing  is  more  costly,  not  widely  avail¬ 
able,  and  is  difficult  to  interpret  as  there  is  no 
clearly  defined  normal  range  for  ICU  patients. 
Turnaround  time  is  also  longer,  making  it  imprac¬ 
tical  when  therapeutic  decisions  need  to  be  made 
quickly  in  critically  ill  patients. 

Random  (non-morning)  cortisol  levels  are 
commonly  used  in  the  ICU  as  the  diurnal  varia¬ 
tion  in  secretion  of  cortisol  is  typically  lost  dur¬ 
ing  critical  illness. 

ACTH  Stimulation  Test 

The  ACTH  stimulation  test  is  used  to  help  con¬ 
firm  the  presence  of  adrenal  insufficiency,  and  to 
characterize  the  disorder  as  primary  vs.  second¬ 
ary.  The  test  starts  by  obtaining  a  baseline  serum 
cortisol  level  after  which  250  meg  of  exogenous 
ACTH  is  injected  intravenously  or  intramuscu¬ 
larly.  Cortisol  levels  are  then  measured  at  30  and 
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60  min  after  ACTH  administration.  The  change 
in  cortisol  is  calculated  by  subtracting  the  base¬ 
line  level  from  the  highest  value  measured  after 
ACTH  administration.  An  increase  of  greater 
than  9  mcg/dL  is  considered  an  adequate  adrenal 
response  based  on  studies  in  patients  with  septic 
shock  [6,  8]. 

The  ACTH  stimulation  test  can  be  performed 
at  any  time  of  day.  The  major  drawback  of  the 
test  is  that  it  does  not  measure  the  intrinsic  func¬ 
tion  of  the  HPA  axis,  but  merely  detects  the  abil¬ 
ity  of  the  stressed  adrenal  cortex  to  produce 
additional  cortisol.  Thus,  partial  adrenal  insuffi¬ 
ciency  as  can  be  seen  with  acute  ACTH  defi¬ 
ciency,  such  as  after  acute  hypothalamic  or 
pituitary  injury,  can  be  missed  [7,  14]. 

Interpretation  of  Random  Cortisol 
and  ACTH  Stimulation  Testing 

Multiple  diagnostic  strategies  have  been  studied 
for  detecting  CIRCI  in  ICU  patients.  Please  see 
Table  49.1  for  suggested  diagnostic  criteria  strati¬ 
fied  by  serum  albumin.  More  simplified  criteria 
of  a  random  cortisol  of <10  mcg/dL,  or  an 
increase  in  cortisol  of <9  mcg/dL  after  ACTH 
administration  have  been  proposed  in  consensus 
guidelines  as  diagnostic  criteria  for  CIRCI  [8]. 
The  random  cortisol  and  ACTH  stimulation  tests 
may  be  employed  to  confirm  suspected  CIRCI; 
screening  ICU  patients  for  CIRCI  is  not  recom¬ 
mended.  Of  note,  there  is  no  clear  cutoff  value  for 
random  cortisol  above  which  ACTH  stimulation 
is  not  indicated  and  CIRCI  is  definitively  ruled 
out.  However,  some  authors  have  suggested  a 
random  cortisol  of >34  mcg/dL  as  consistent 


Table  49.1  Suggested  diagnostic  criteria  for  adrenal 
insufficiency  by  serum  albumin  status 


Albumin  >2.5  g/dl 

Albumin  <2.5  g/dl 

Total  cortisol  (|ig/dl  [nmol/1]) 

Baseline 

15  (410) 

10  (275) 

Stimulated 

20  (550) 

15  (410) 

Free  cortisol  (gg/dl  [nmol/1]) 

Baseline 

1.8  (50) 

1.8  (50) 

Stimulated 

3.0  (85) 

3.0  (85) 

From  Marik  [10].  Open  Access.  Creative  Commons 
Attribution  4.0  International  Public  License 


with  the  absence  of  CIRCI  [15].  See  Fig.  49.1  for 
a  diagnostic  algorithm  for  CIRCI. 

In  patients  with  septic  shock,  the  routine  use 
of  either  random  serum  cortisol  or  ACTH  stimu¬ 
lation  testing  are  not  recommended  for  broad 
screening  for  hydrocortisone  replacement  ther¬ 
apy  [5,  16].  (See  “Steroid  replacement  in  septic 
shock”  below.) 

Steroid  Replacement  Strategies 
Choice  of  Steroid 

Hydrocortisone  is  considered  the  steroid  of 
choice  for  replacement  therapy  in  patients  with 
acute  adrenal  crisis  and  with  CIRCI  including 
septic  shock  with  persistent  hypotension  despite 
fluid  resuscitation  [16].  There  is  no  evidence  to 
recommend  routine  mineralocorticoid  (fludro¬ 
cortisone)  replacement  for  patients  in  the  ICU, 
unless  they  have  known  or  suspected  primary 
adrenal  insufficiency.  Even  in  Addisonian  crisis, 
hydrocortisone  along  with  saline  resuscitation  is 
probably  sufficient  for  initial  treatment  in  the 
acute  setting  because  hydrocortisone  does  have 
some  mineralocorticoid  activity.  A  study  evalu¬ 
ating  hydrocortisone  alone  vs.  hydrocortisone 
plus  fludrocortisone  in  patients  with  septic 
shock  failed  to  show  any  significant  differences 
in  outcomes  with  the  addition  of  the  mineralo¬ 
corticoid  [17]. 

Steroid  administration  for  treatment  of  pre¬ 
sumed  adrenal  crisis  should  never  be  delayed  in 
order  to  perform  random  cortisol  and  ACTH 
stimulation  testing.  Dexamethasone  may  be  use¬ 
ful  in  such  patients  because,  unlike  hydrocorti¬ 
sone,  it  does  not  interfere  with  measurements  of 
serum  cortisol.  Dexamethasone  can  cause  long¬ 
term  suppression  of  the  HPA  axis,  however,  and 
thus  it  is  not  generally  recommended  for  ongoing 
steroid  replacement  [8]. 

Dose  and  Duration 

In  suspected  acute  adrenal  crisis,  an  initial  dose 
of  100  mg  hydrocortisone  IV  followed  by  100- 
200  mg  daily  is  generally  adequate  [1,  18].  For 
CIRCI  in  the  setting  of  severe  sepsis  and  septic 
shock,  200  mg  of  hydrocortisone  divided  into 
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Critically  ill  adult  with  high  suspicion 
for  CIRCI  (eg.  refractory  shock)1 


I 


Random  total  cortisol  level 


A 


<  10  mcg/dL 


>  10  mcg/dL" 


4 


ACTH  Stimulation  Test 


A 


Amax  cortisol 
<  9  mcg/dL 


Amax  cortisol 
>  9  mcg/dL 


Steroid 

Replacement 

1 

r 

No  CIRCI 

Fig.  49.1  Decision  Tree  for  Investigation  of  CIRCI  in 
Critically  Ill  Adults.  CIRCI  critical  illness-related  cortico¬ 
steroid  insufficiency, \ACTH  adrenocorticotropic  hormone, 
Amax  maximum  change  in  cortisol  level  after  ACTH  stimu¬ 
lation.  Routine  screening  for  all  patients  with  septic  shock 

3-4  intermittent  doses  daily  has  been  recom¬ 
mended  [16].  Hydrocortisone  is  typically  not 
tapered  until  patients  are  no  longer  requiring 
vasopressors.  Tapering  can  occur  over  several 
days  to  prevent  rebound  hypotension  and  adverse 
immunologic  effects.  Discontinuation  of  steroids 
after  tapering  may  be  contraindicated  in  patients 
with  adrenal  crisis  not  consistent  with  CIRCI  as 
they  may  require  ongoing  low-dose  corticoste¬ 
roid  replacement. 

Concurrent  Fluid  Management 

In  primary  adrenal  insufficiency,  patients  have 
urinary  salt-wasting  with  subsequent  volume 
depletion  that  should  be  replaced  using  0.9% 
saline.  In  secondary  adrenal  insufficiency,  patients 
do  not  exhibit  salt-wasting,  but  they  do  have 
decreased  vascular  tone  resulting  in  hypotension, 


is  not  recommended.  2There  is  no  firm  cutoff  in  random 
cortisol  above  which  CIRCI  is  ruled  out,  but  some  authors 
have  suggested  that  a  random  cortisol  of  >34  mcg/dL  rules 
out  significant  CIRCI,  and  thus  ACTH  stimulation  would 
not  be  performed  (see  Cooper  and  Stewart  [15]) 

and  thus  isotonic  fluid  resuscitation  is  also  gener¬ 
ally  necessary  in  the  acute  setting.  Dextrose  can 
be  administered  concurrently  in  hypoglycemic 
patients. 

Additional  Testing 

Because  CIRCI  is  dynamic,  generally  reversible, 
and  can  occur  at  any  time  during  a  patient’s  ICU 
stay,  routine  follow-up  testing  after  treatment  of 
acute  critical  illness  is  not  generally  necessary. 
However,  a  small  number  of  patients  with  CIRCI 
may  develop  prolonged  adrenal  dysfunction  due 
to  adrenal  infarction  or  hemorrhage  as  seen  with 
sepsis  or  coagulopathy,  or  injury  from  medication 
[5, 19].  Such  patients  warrant  close  follow-up  and 
additional  testing  in  the  outpatient  setting. 

There  are  no  guidelines  to  suggest  routine 
adrenal  or  brain  imaging  for  CIRCI.  However,  if 
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infection,  bleeding,  tumor,  or  other  pathologic 
disease  of  the  adrenals  is  specifically  suspected, 
then  abdominal  CT  scanning  may  be  indicated 
[18].  Additionally,  MRI  of  the  pituitary  and 
hypothalamus  may  be  useful  in  evaluating 
patients  with  probable  secondary  adrenal  insuffi¬ 
ciency  not  consistent  with  CIRCI,  and  without 
other  obvious  causes.  Unless  there  is  concern  for 
a  more  emergent  diagnosis,  this  may  be  deferred 
to  the  outpatient  setting  if  adrenal  insufficiency 
persists. 

Evidence  Contour 

Steroid  Replacement  in  Septic  Shock 

In  2002,  a  large  prospective  study  demonstrated 
that  7  days  or  hydrocortisone  and  fludrocortisone 
reduced  the  28-day  mortality  for  patients  with 
septic  shock  [20].  However,  the  subsequent 
Corticosteroid  Therapy  in  Septic  Shock 
(CORTICUS)  trial  failed  to  replicate  any  mortal¬ 
ity  benefit  after  treatment  with  hydrocortisone 
[21].  Patients  receiving  hydrocortisone  did 
recover  from  shock  more  quickly,  regardless  of 
results  of  ACTH  stimulation  testing,  but  had  a 
trend  toward  increased  hospital-acquired  infec¬ 
tions.  Furthermore,  an  observational  study  by  the 
Surviving  Sepsis  Campaign  showed  an  increase 
in  hospital  mortality  in  vasopressor-dependent 
patients  receiving  low-dose  corticosteroid  ther¬ 
apy  [22]. 

Systematic  reviews  and  meta-analyses  have 
attempted  to  resolve  the  conflicting  evidence. 
Several  such  studies  have  indicated  that  low  dose 
corticosteroid  therapy  aids  in  reversal  of  shock, 
and  thus  patients  who  are  vasopressor-dependent 
despite  adequate  fluid  resuscitation  may  benefit 
from  corticosteroid  therapy  [23-27].  However, 
ACTH  stimulation  testing  has  not  been  shown  to 
accurately  discriminate  which  patients  with  sep¬ 
tic  shock  will  benefit  from  steroid  replacement 
[8,  16,  26]. 

Based  on  this  body  of  evidence,  the 
Surviving  Sepsis  Campaign  no  longer  recom¬ 
mends  routine  use  of  steroid  replacement 


therapy  as  part  of  its  sepsis  care  bundles  [28]. 
However,  the  most  recent  Surviving  Sepsis 
Guidelines  include  a  Grade  2C  (weak)  recom¬ 
mendation  to  consider  steroid  therapy  in 
patients  with  severe,  persistent,  vasopressor- 
dependent  septic  shock  [16]. 

ACTH  Stimulation  Test:  Low  Dose 
Versus  High  Dose 

Administration  of  250  meg  of  ACTH  is  com¬ 
monly  used  in  ACTH  stimulation  testing.  This 
“high  dose”  testing  uses  supraphysiologic  dosing 
of  ACTH,  and  thus  a  “low  dose”  test  using  only  1 
meg  of  ACTH  has  been  used  as  an  alternative. 
The  low  dose  test  has  better  sensitivity,  is  less 
expensive,  and  has  been  shown  in  at  least  one 
study  to  better  delineate  groups  of  patients  with 
relative  adrenal  insufficiency  in  septic  shock  [4] . 
However,  there  is  the  practical  concern  of  how  to 
accurately  dilute  the  250  meg  dose,  as  well  as 
concerns  that  much  of  the  ACTH  dose  may  bind 
to  injection  tubing  leading  to  unknown  dose 
delivery  [18].  Furthermore,  the  high  dose  ACTH 
test  is  better  validated,  having  been  used  in 
numerous  studies  in  ICU  patients  [8,  20,  22,  23, 
29]  and  therefore  it  remains  the  favored  test  in 
critically  ill  patients. 

Role  of  Salivary  Cortisol  Testing 

Salivary  cortisol  measurements  have  been  used 
as  a  surrogate  marker  of  free  cortisol  in  the  diag¬ 
nosis  of  adrenal  insufficiency  [30-32],  but  sali¬ 
vary  cortisol  has  not  been  validated  as  a 
standalone  diagnostic  test  in  adults  with  sus¬ 
pected  CIRCI.  A  recent  study  in  neurosurgical 
ICU  patients  showed  a  lack  of  diurnal  variation  in 
salivary  cortisol  production,  similar  to  that  seen 
with  serum  cortisol,  but  the  authors  described 
challenges  in  collecting  saliva  from  intubated 
patients  due  to  decreased  salivary  flow  and  dry 
oral  mucosa,  medication  effects,  fluid  imbal¬ 
ances,  mucosal  breakdown,  and  contamination 
with  blood  [33]. 
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Role  of  Etomidate  and  Opiates 
in  Development  of  Adrenal 
Insufficiency 

Etomidate  is  an  anesthetic  agent  commonly  used 
during  rapid  sequence  intubation  in  critically  ill 
patients.  Etomidate  can  cause  inhibition  of  adre¬ 
nal  11-p-hydroxylase,  however,  and  thus  has 
been  implicated  in  adrenal  insufficiency.  In  the 
CORTICUS  trial,  patients  who  received  etomi¬ 
date  were  less  likely  to  have  a  significant  increase 
in  cortisol  after  ACTH,  and  they  had  decreased 
survival  at  28  days  [21].  In  the  retrospective 
CORTICUS  study,  etomidate  administration  in 
critically  ill  patients  was  associated  with  a  worse 
prognosis  in  patients  not  treated  with  steroids 
[29].  Etomidate  has  other  benefits  including  a 
very  short  duration  of  action,  decreased  respira¬ 
tory  depression  and  less  hypotension  [34].  The 
balance  of  risks  and  benefits  using  etomidate  for 
induction  of  anesthesia  during  intubation  remains 
unclear  in  the  context  of  adrenal  insufficiency. 

There  is  some  evidence  that  opiates  may  also 
cause  suppression  of  the  HPA  axis  and  could 
thus  contribute  to  adrenal  insufficiency.  Opiates 
implicated  have  included  fentanyl  and  morphine 
[35,  36].  Due  to  widespread  opiate  use  in  the 
intensive  care  unit  it  may  be  relevant  to  consider 
opiates  as  a  contributor  to  adrenal  insufficiency 
in  some  patients. 
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Case  Presentation 

A  68  year  old  woman  with  a  past  medical  history  of 
alcohol  abuse  status  post  detoxification,  chronic 
kidney  disease  and  type  2  diabetes  mellitus  was 
brought  into  the  Emergency  Department  (ED)  by 
ambulance  for  slurred  speech.  She  was  on  the  phone 
with  her  daughter  when  she  developed  the  dysar¬ 
thria.  Unable  to  speak  effectively,  she  got  off  the 
phone  and  went  to  a  neighbor’s  apartment.  The 
neighbor  reported  an  episode  of  shaking,  lasting 
approximately  10  s,  prior  to  paramedic  arrival.  En 
route  to  the  hospital,  the  patient  became  combative, 
confused  and  incontinent  of  stool  and  urine.  She 
was  hypertensive  with  blood  pressure  of 
226/97  mmHg,  tachycardic  with  heart  rate  of 
109  bpm,  and  hyperglycemic  with  capillary  blood 
glucose  “critically  high”.  Upon  arrival  to  the  ED,  a 
stroke  alert  was  initiated.  NIH  Stroke  Scale  was  cal¬ 
culated  to  be  18,  with  points  for  level  of  conscious¬ 
ness,  motor  drift,  language  aphasia,  and  dysarthria. 
Neurological  exam  revealed  a  lethargic  patient,  not 
following  commands,  with  reduced  withdrawal  to 
noxious  stimuli  in  the  right  upper  and  lower  extrem¬ 
ities.  There  was  an  upgoing  Babinski  sign  on  the 
right.  Non-contrast  CT  scan  of  the  head  did  not 
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show  acute  intracranial  hemorrhage,  mass  shift  or 
trauma.  MRI/MRA  of  the  brain  revealed  no  sign  of 
acute  cerebral  vascular  infarct  or  cerebroarterial 
abnormality.  Laboratory  results  were  significant 
for:  Sodium=132  mmol/L,  Potassium  =  3.6 

mmol/L,  Bicarbonate  =  18.6  mmol/L,  Anion 
gap = 20  mmol/L,  Urea  38= mg/dL,  Creatinine =2.1 
mg/dL  (baseline  1.3),  Glucose =769,  and  Serum 
Osmolality =331  Osm/kg.  The  WBC  was  3.6 
xlOOO/ul  without  neutrophilic  predominance.  Point 
of  Care  lactate  was  3.2  mmol/L  and  Point  of  Care 
pH  was  7.30.  The  serum  Z?£to-hydroxy-butyrate 
level  was  not  checked.  Urine  ketones  were 
negative. 

Question  What  is  the  most  appropriate  interven¬ 
tion  for  the  patient’s  neurological  symptoms? 

Answer  Intravenous  (IV)  Fluid  Therapy 

This  patient  presented  with  focal  neurological 
findings  and  grand  mal  seizure  without  evidence  of 
cerebral  vascular  accident  or  other  culprit  lesion  on 
MRI.  She  did  not  have  fever,  infectious  prodrome 
or  elevated  WBC  that  would  indicate  a  CNS  infec¬ 
tion.  With  serum  glucose  >320  mg/dL,  serum 
osmolality  >320  mOsm/kg,  pH  >7.30  and  negative 
urine  ketones,  she  met  the  diagnostic  criteria  for 
Hyperosmolar  Hyperglycemic  Syndrome  (HHS), 
and  her  neurological  signs  are  likely  due  to  the 
hyperosmolar  state.  The  most  common  admitting 
diagnosis  in  patients  with  HHS  is  acute  stroke  [1, 
2].  In  patients  presenting  with  seizures  and  stroke- 
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like  symptoms  secondary  to  HHS,  their  neurologi¬ 
cal  exams  return  to  normal  with  appropriate 
management  of  HHS  [3].  Treatment  for  HHS 
begins  with  the  immediate  restoration  of  circula¬ 
tory  volume  and  tissue  perfusion  with  an  isotonic 
saline  infusion. 

This  patient  was  treated  with  2  1  of  0.9% 
saline  rapid  infusion,  followed  by  maintenance 
fluid  at  a  rate  of  125  ml/h.  Lactic  acid  level  nor¬ 
malized.  Within  the  next  12  h,  her  serum  osmo¬ 
lality  declined  to  313  mOsm/kg,  and  continued  to 
normalize  over  the  following  2  days.  She  was 
started  on  a  low-dose  insulin  infusion,  and  her 
hourly  capillary  blood  glucose  declined  over  the 
next  13  h  to  208.  As  the  serum  glucose  corrected, 
her  sodium  peaked  at  143  and  the  IV  fluids  were 
switched  to  0.45%  saline  with  5%  dextrose. 
After  24  h,  insulin  was  transitioned  from  infusion 
to  subcutaneous  dosing.  The  patient  had  signifi¬ 
cant  hypokalemia  and  hypomagnesemia,  requir¬ 
ing  IV  supplementation  to  maintain  potassium 
>3.5  mmol/Land  magnesium  >2.0  mmol/L.  Broad 
spectrum  antibiotics  were  started  empirically  on 
admission,  and  discontinued  after  2  days  once 
chest  X-ray,  blood  and  urine  cultures  were  nega¬ 
tive  for  infection.  Upon  review  of  her  home  med¬ 
ications,  hydrochlorothiazide  was  identified  as  a 
potential  precipitant  of  hyperglycemia  and  was 
discontinued.  The  likely  trigger  for  this  patient’s 
hyperglycemia  was  indicated  by  her  daughter, 
who  suspected  that  the  patient  may  have  started 
drinking  again  and  become  non-adherent  to  her 
medications.  The  patient  did  not  have  any  further 
episodes  of  seizure.  Her  neurological  exam 
slowly  improved,  and  by  hospitalization  day  5, 
she  had  returned  to  her  usual  functional  status. 

Principles  of  Management 
Diagnosis  of  HHS 

Severe  serum  hyperosmolality,  hyperglycemia,  and 
dehydration  without  significant  ketoacidosis  define 
the  hyperosmolar  hyperglycemic  syndrome. 
Specific  laboratory  values  that  support  the  diagnosis 
of  HHS  are  plasma  glucose  >600  mg/dL,  arterial 
pH  >7.30,  serum  bicarbonate  >15  mEq/L,  small 
urine  ketones,  small  serum  ketones,  anion  gap  <12, 


and  serum  osmolality  >320  mOsm/kg  [1].  Patients 
often  present  with  alterations  in  mental  status, 
including  lethargy,  stupor  and  coma  [1].  Known 
diagnosis  of  diabetes  mellitus  is  an  insensitive 
criterion,  as  up  to  twenty  percent  of  patients  admit¬ 
ted  for  HHS  are  unaware  of  their  underlying  disease 
[1].  The  clinical  syndrome  typically  begins  with 
progressive  polyuria,  polydipsia,  and  weakness 
over  several  days.  Unlike  diabetic  ketoacidosis 
(DKA),  patients  with  HHS  have  enough  endoge¬ 
nous  insulin  to  avoid  excessive  lipolysis,  and  do  not 
produce  abundant  ketoacids  (Table  50.1).  Instead, 
osmotic  diuresis  results  in  severe  dehydration  and 
hypovolemia,  triggering  the  release  of  counter- 
regulatory  hormones  and  decreasing  glomerular 
filtration  rate.  Both  mechanisms  then  exacerbate 
further  hyperglycemia  [1].  Electrolyte  abnormali¬ 
ties  resulting  from  urinary  losses  may  be  severe,  and 
include  hypo-  and  hypernatremia,  hypokalemia, 
hypomagnesemia,  hypocalcemia  and  hypophos¬ 
phatemia  [4].  Often,  one  can  identify  precipitating 
factors  which  triggered  the  uncontrolled  hypergly¬ 
cemia.  These  include:  infection,  non-adherence  to 
medications  or  diet,  pancreatitis,  myocardial  infarc¬ 
tion,  cerebral  vascular  accident  and  use  of  medica¬ 
tions  known  to  precipitate  hyperglycemia  [5]. 

Common  Hyperosmolar  Hyperglycemic 
State  Triggers 

Alcohol  and  Drug  Abuse 

Anesthesia 

Burns 

GI  Hemorrhage 
Hypothermia 

Infections  (UTIs,  pneumonia,  etc.) 

Intracranial  Hemorrhage 
Myocardial  Infarction 
Pancreatitis 
Pulmonary  Embolus 
Stroke 

Medications,  including: 

•  Antiepileptics 

•  Antihypertensives 

•  Antipsychotics 

•  Beta  blockers 

•  Corticosteroids 

•  Diuretics 
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Dehydration  is  more  severe  when  patients 
have  limited  access  to  water  or  decreased  thirst 
response,  such  as  in  bedridden  or  elderly  patients 
respectively  [6].  Significant  free  water  loss  cre¬ 
ates  the  hyperosmolar  state  which  manifests  in 
progressive  lethargy  and  coma. 

Fluid  Therapy 

Rehydration  interrupts  the  cycle  of  hyperglycemia 
and  hypovolemia  by  restoring  lost  intravascular 


Table  50.1  A  comparison  of  characteristics  defining 
DKA  and  HHS 


Characteristic 

DKA 

HHS 

Polyuria, 

polydipsia, 

polyphagia,  wt  loss, 

vomiting, 

dehydration, 

weakness 

X 

X 

Stupor/coma 

Severe  only 

X 

Abdominal  pain 

X 

Insulin  deficiency 

Absolute 

Relative 

Principal  pathologic 
metabolic  process 

Lipolysis  and 
ketogenesis 

Dehydration 

and 

counter- 

regulatory 

hormones 

Plasma  glucose 
(mg/dL) 

>250 

>600 

Arterial  pH 

<7.25 

>7.30 

Urine  ketones 

Positive 

Small 

Serum  ketones 

Positive 

Small 

Serum  osmolality 

Variable 

>320 

Anion  gap 

>12 

Variable 

Data  compiled  from  Refs.  [1]  and  [13] 


volume,  increasing  renal  perfusion,  improving 
glomerular  filtration  rate,  and  reducing  glucosuria. 
Improved  systemic  perfusion  decreases  the  release 
of  counter-regulatory  hormones  such  as  catechol¬ 
amines,  cortisol,  glucagon  and  growth  hormone, 
which  exacerbate  hyperglycemia.  Finally,  rehy¬ 
dration  decreases  the  peripheral  insulin  resistance 
that  is  caused  by  the  hyperosmolar  state  [7].  The 
American  Diabetes  Association  consensus  state¬ 
ment  for  Hyperglycemic  Crisis  recommends  iso¬ 
tonic  saline  (0.9%  sodium  chloride)  at  a  rate  of 
15-20  ml/kg  body  weight  (wt)  within  the  first  hour 
[1].  Additional  fluid  therapy  should  be  adjusted 
based  on  hemodynamics,  sodium  status  and  uri¬ 
nary  output.  Fluid  deficits  should  be  restored 
within  24  h.  The  free  water  deficit  (FWD)  may  be 
calculated  using  the  corrected  serum  sodium,  and 
provide  some  guidance  for  free  water  repletion 
(Table  50.2).  The  importance  of  prompt  fluid 
hydration  is  supported  by  the  fact  that  normaliza¬ 
tion  of  the  hyperosmolar  state  results  in  a  more 
robust  response  to  low-dose  insulin  therapy  [7]. 

Insulin  Therapy 

Current  treatment  protocols  recommend  starting 
either  with  an  insulin  IV  bolus  of  0.1  units/kg 
body  wt  followed  by  0.1  units/kg/hour(h) 
infusion  or  0.14  units/kg  body  wt/h  continuous 
infusion  [1,  8].  The  low  dose  infusion  rates  are 
based  on  randomized  controlled  studies  for  DKA 
that  showed  low-dose  or  physiological  insulin 
performed  similarly  to  high  dose  insulin  in  terms 
of  rate  of  resolution  of  hyperglycemia  as  well  as 
reduction  in  counter-regulatory  hormones,  and 


Table  50.2  Sodium  and 
free  water  equations 


Steps 

Equations 

Calculate  the 
Corrected  Serum 
Sodium 

Corrected  Serum  Sodium  = 

w  ,0  7-  ( 1-6 mEq^( Measured  Glucose^ 

1\-Lk*'\sLiS  l/Lt  aD kJ CA' l  CL / / L  1 

l  L  A  100  j 

Calculate  the  free 
water  deficit  using 
the  Corrected  Serum 
Sodium 

Free  Water  Deficit  = 

_  ,  .  j  \(  Corrected  Sodium  \ 

v/  •  U  ^  W  C  /  L  L  L  /  L  /v^  j  X 

Calculate  the  rate  of 
free  water 
administration  over 

24  h 

free  water  deficit 

24  h 

Data  compiled  from  Ref.  [22] 
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had  lower  incidence  of  hypoglycemia  and  hypo¬ 
kalemia  [9,  10].  A  more  recent  study  demon¬ 
strated  that  giving  an  initial  insulin  bolus  prior  to 
starting  a  continuous  infusion,  normalized  blood 
glucose,  pH  and  bicarbonate  levels  just  as 
quickly  as  providing  a  continuous  infusion  at  a 
slightly  higher  rate  of  0.14  units/kg/h  [11]. 
Therefore,  solely  providing  a  continuous  infu¬ 
sion  rate  is  equally  recommended.  If  the  glucose 
level  does  not  decline  by  10  %  in  the  first  hour,  it 
is  recommended  to  bolus  0.14  units/kg  body  wt 
and  to  continue  infusion  at  the  previous  rate. 
Once  the  blood  glucose  reaches  300  mg/dL,  the 
insulin  infusion  rate  should  be  lowered  to  0.02- 
0.05  units/kg  body  wt/h  and  supplemental  dex¬ 
trose  infusion  should  be  given  to  maintain  blood 
glucose  between  200  and  300  mg/dL  until  the 
patient’s  mental  status  normalizes.  This  last  step 
is  a  safeguard  against  the  physiological  threat  of 
cerebral  edema  that  may  result  from  the  rapid 
correction  of  serum  hyperosmolality.  With  insu¬ 
lin  treatment,  brain  osmolality  decreases  at  a  rate 
significantly  slower  than  plasma,  and  there  is  a 
net  movement  of  water  into  the  brain  [2]. 
Oftentimes,  patients  with  HHS  will  present  with 
a  milder  form  of  the  metabolic  derangements  of 
DKA.  These  patients  should  also  continue  treat¬ 
ment  with  simultaneous  dextrose  and  insulin 
infusion  until  ketogenesis  ceases  and  anion  gap 
acidosis  resolves. 

Correcting  Electrolytes 
Sodium 

The  measured  serum  sodium  concentration  in 
patients  with  HHS  is  often  deceivingly  low.  This  is 
because  the  osmotic  pull  of  hyperglycemia  draws 
water  into  the  extracellular  space,  thereby  diluting 
the  sodium  concentration  [12].  Serum  sodium 
rises  to  normal  or  elevated  levels  when  massive 
diuresis  removes  more  water  than  salt  from  the 
body.  Sodium  levels  greater  than  140  mEq/L  are, 
therefore,  indicative  of  very  large  fluid  deficits 
[13].  A  “corrected”  serum  sodium  is  calculated  in 
the  setting  of  hyperglycemia  to  account  for  this 
phenomenon,  and  considered  a  more  accurate 
reflection  of  the  patient’s  true  osmotic  and  dehy¬ 
drated  status  [14,  15]  (Table  50.2). 


Potassium 

In  HHS,  hypokalemia  can  often  require  4-6  mEq/ 
kg  body  wt  of  potassium,  or  280-420  mEq  potas¬ 
sium  for  the  average  person.  The  mechanisms  of 
potassium  loss  include  insulin-driven  shifts  of 
potassium  into  the  intracellular  compartment,  and 
gastrointestinal  and  urinary  losses.  Concomitant 
hypomagnesaemia  may  also  worsen  hypokalemia 
by  activating  the  renal  outer  medullary  potassium 
channels  to  secrete  more  potassium  [4].  Due  to 
the  potassium  lowering  effects  of  insulin,  potas¬ 
sium  repletion  is  recommended  once  serum  levels 
are  less  than  5.3  mEq/L  in  patients  with  normal 
kidney  function.  Patients  should  have  potassium 
repleted  to  greater  than  3.3  mEq/L  when  they 
present  with  hypokalemia,  to  decrease  risk  of  car¬ 
diac  arrhythmia  and  arrest  and  respiratory  muscle 
weakness. 

Magnesium 

The  degree  of  magnesium  deficits  incurred  from 
diuresis  are  less  than  potassium.  Repletion  is 
important,  particularly  when  potassium  levels  are 
low,  for  the  reasons  mentioned  above. 

Phosphate 

The  total  body  deficit  of  phosphate  in  HHS  is  esti¬ 
mated  to  be  3-7  mmol/kg  [1].  Phosphate  levels  are 
typically  near  normal  on  presentation,  and  decrease 
with  insulin  therapy.  While  repletion  has  not  been 
studied  in  HHS  specifically,  randomized  studies  in 
DKA  did  not  show  a  benefit.  Furthermore,  aggres¬ 
sive  phosphate  therapy  is  more  likely  to  precipitate 
severe  hypocalcemia  [16]. 


Evidence  Contour 
Type  of  IV  Fluid 

Physiologically,  there  is  justification  for  use  of 
isotonic  fluid  for  volume  resuscitation  and  hypo¬ 
tonic  fluids  to  correct  hypernatremia.  Expert 
opinions  diverge  regarding  the  appropriate  initial 
IV  fluid  for  HHS.  Isotonic  fluids  are  appropriate 
for  resuscitation,  but  will  not  replenish  the  free 
water  deficit.  Hypotonic  fluids  may  address  the 
hypernatremia,  but  also  carry  risk  for  cerebral 
edema.  In  a  study  that  compared  the  effects  of 
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hypotonic,  isotonic  and  hypertonic  solutions  in 
DKA  patients,  there  was  no  difference  in  fluid 
retention  among  the  various  tonicities  [5]. 
Perhaps  for  these  reasons,  it  is  recommended  to 
initiate  IV  fluids  with  isotonic  saline  and  subse¬ 
quently  adjust  according  to  osmolality,  sodium 
level  and  intravascular  volume  status  [17]. 

Anticoagulation 

Diabetes  mellitus  alone  has  been  recognized  as 
an  inflammatory  and  hypercoagulable  state  [18, 
19].  As  such,  there  is  a  significantly  increased 
risk  for  thrombotic  events  such  as  myocardial 
infarction  and  deep  vein  thrombus.  Multiple  pro¬ 
coagulant  factors  and  reactive  oxygen  species 
were  found  to  be  elevated  in  patients  with  hyper¬ 
glycemic  emergencies  [20].  Markers  of  platelet 
activation  were  significantly  increased  when 
patients  were  exposed  to  short  episodes  of  hyper¬ 
glycemia  [21].  The  International  Diabetes 
Federation  makes  a  level  4  recommendation 
(Expert  Opinion)  that  the  use  of  heparin  at  pro¬ 
phylactic  doses  for  prevention  of  deep  venous 
thrombus  may  be  beneficial  in  the  absence  of  an 
associated  bleeding  diathesis  [8]. 
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Case  Presentation 

A  60  year  old  woman  with  no  known  medical  his¬ 
tory  presented  to  the  hospital  with  confusion  in  the 
setting  of  longstanding  weakness  and  fatigue.  Her 
family  members  reported  cold  intolerance,  consti¬ 
pation,  weight  gain  and  thickening  of  skin  and 
hair.  She  denied  any  respiratory  symptoms  and 
fever.  She  reported  that  she  had  no  contact  with  the 
health  care  system  for  the  last  20  years.  She  took 
no  medications  and  denied  any  history  of  sub¬ 
stance  use.  On  physical  examination  she  was  noted 
to  have  a  rectal  temperature  of  32  °  C  and  sinus 
bradycardia  with  a  heart  rate  of  24  beats  per  min¬ 
ute.  Thyroid  stimulating  hormone  level  (TSH)  was 
42.4  and  free  thyroxine  (T4)  level  was  <0.03. 
Serum  sodium  level  was  118  mEq/L.  She  was 
transferred  to  the  medical  intensive  care  unit 
(ICU).  Shortly  after  admission  she  experienced 
two  episodes  of  tonic-clonic  seizure  and  was 
treated  with  intravenous  lorazepam  and  hypertonic 
saline.  She  was  intubated  and  she  was  mechani¬ 
cally  ventilated.  She  received  intravenous  thyrox¬ 
ine  and  phenytoin.  Two  days  later  she  passed  a 
spontaneous  breathing  trial  and  was  extubated. 
She  developed  severe  stridor  immediately  after 
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extubation  requiring  reintubation,  which  was 
achieved  with  great  difficulty  with  a  pediatric  size 
endotracheal  tube.  A  tracheostomy  was  performed 
the  same  day,  and  severe  laryngeal  edema  identi¬ 
fied  (Fig.  51.1).  She  was  eventually  transferred  to 
a  long  term  acute  care  facility  where  she  was  liber¬ 
ated  from  mechanical  ventilation  over  the  next 
three  weeks.  A  repeat  laryngoscopy  performed  6 
weeks  later  at  the  time  of  decannulation  revealed 
resolution  of  edema  (Fig.  51.2). 

Questions  What  approach  should  guide  man¬ 
agement  of  a  patient  with  myxedema  coma?  How 
likely  are  airway  complications  in  patients  with 
myxedema  coma? 

Answers  Intravenous  thyroxine  combined  with 
supportive  care  and  concomitant  management  of 
coexisting  problems  are  the  mainstays  of  treat¬ 
ment  of  myxedema  coma.  Upper  airway  compro¬ 
mise  is  uncommonly  reported  among  these 
patients,  but  high  index  of  suspicion  is  required 
as  life  threatening  emergencies  can  occur. 

Myxedema  coma,  also  known  simply  as  myx¬ 
edema,  is  a  rare  but  potentially  deadly  manifesta¬ 
tion  of  severe  hypothyroidism.  The  high  mortality 
rate  of  25-50  %  makes  early  diagnosis  and  treat¬ 
ment  imperative  [1,  2].  Because  most  at-risk 
patients,  including  those  with  known  hypothy¬ 
roidism,  thyroidectomy  or  previous  radioactive 
iodine  therapy,  are  routinely  followed  by  readily 
available  TSH  assay,  myxedema  is  now  a  rela¬ 
tively  rare  presentation  of  hypothyroidism. 
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Fig.  51.1  Glottic  area  in  a  myxedema  patient 

Myxedema  coma  is  more  common  among  older 
women,  reflecting  the  incidence  of  thyroid  dis¬ 
ease  in  this  population.  A  frequently  cited  con¬ 
tributory  factor  is  cold  weather,  with  a  majority 
of  cases  occurring  during  late  fall  and  winter 
months  [3].  Infections,  stroke,  congestive  heart 
failure,  trauma,  surgery  and  central  nervous  sys¬ 
tem  depressants  are  among  the  other  common 
precipitating  factors  [4] . 

Myxedema  coma  is  a  medical  emergency  and 
treatment  with  thyroid  hormone  replacement 
should  be  started  as  soon  as  the  diagnosis  is  sus¬ 
pected  and  prior  to  the  report  of  results  from  the 
blood  samples  for  studies  are  obtained.  Prior  to 
initiation  of  T4,  intravenous  stress  dose  steroids 
are  typically  administered  due  to  the  risk  of  coex¬ 
isting  adrenal  insufficiency.  Extreme  slowing  of 
the  gastrointestinal  tract  makes  enteric  absorp¬ 
tion  unreliable,  so  initial  treatment  should  be 
intravenous  [5].  Thyroxine  is  the  mainstay  of 
treatment;  in  some  cases  addition  of  triiodothyro¬ 
nine  may  be  considered. 

Endotracheal  intubation  and  mechanical  ven¬ 
tilation  are  frequently  required  in  myxedema 
coma  [4].  In  some  patients  altered  mental  status 
may  lead  to  concern  for  inability  to  protect  air¬ 
way,  and  in  others  hypoventilation  due  to 
decreased  hypoxic  and  hypercapnic  respiratory 
drive  evolves  into  genuine  respiratory  failure, 


Fig.  51. 2  Glottic  area,  same  patient,  6  weeks  after  treat¬ 
ment  initiation 

especially  in  the  setting  of  another  concomitant 
critical  illness.  The  development  of  a  difficult  air¬ 
way  has  been  reported  in  multiple  case  reports  of 
myxedema  coma  [6,  7].  Mucopolyscaccharide 
deposition  responsible  for  the  classical  changes 
of  myxedema  elsewhere  in  the  body  also  occurs 
in  supraglottic  area,  and  in  conjunction  with  obe¬ 
sity  and  macroglossia  may  lead  to  airway  com¬ 
promise.  Clinicians  should  remain  vigilant  for 
the  possibility  of  difficult  airway  not  only  during 
the  time  of  intubation,  but  at  the  time  of  extuba- 
tion  as  well. 

Principles  of  Management 
Diagnosis 

In  severely  hypothyroid  patients,  decreased  met¬ 
abolic  rate  results  in  progressive  fatigue,  malaise 
and  weight  gain  [8].  Other  common  symptoms 
include  cold  intolerance,  voice  changes,  hair  loss, 
constipation,  irregular  menses,  difficulty  concen¬ 
trating,  memory  problems,  and  depression 
(Table  51.1). 

The  hallmark  signs  of  myxedema  coma  are 
depressed  mental  status  and  hypothermia. 
Additional  physical  findings  may  include  dry  and 
brittle  skin  and  hair,  non-pitting  edema  and 
delayed  reflexes.  Patients  may  have  hypotension 
and  shock  as  a  result  of  depressed  cardiac  con¬ 
tractility,  tamponade,  or  brady  arrhythmias. 
Prolongation  of  the  Q-T  interval  may  be  seen  and 
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Table  51.1  Common  symptoms  and  signs  in  severe 
hypothyroidism  and  myxedema  coma 


Symptoms 

Signs 

Fatigue  and  malaise 

Decreased  mental  status 

Weight  gain 

Hypothermia 

Decreases  mental  acuity, 
memory  problems 

Bradycardia 

Cold  intolerance 

Hypoventilation 

Voice  cahnges 

Periorbital  edema 

Hair  loss 

Non-pitting  edema 

Depression 

Delayed  tendon  reflexes 

lead  to  torsades  de  pointes  [9].  Hypoventilation 
can  cause  severe  respiratory  acidosis  [3]. 
Myxedema-associated  coagulopathy  may  predis¬ 
pose  patients  to  gastrointestinal  bleeding  [10]. 
Focal  or  generalized  seizures  and  status  epilepti- 
cus  have  been  reported  [11]. 

The  test  of  choice  to  diagnose  hypothyroidism 
is  serum  thyrotropin  testing,  followed  by  free  T4 
levels.  Ultrasensitive  TSH  assay  is  widely  avail¬ 
able,  and  results  are  reliable  and  reproducible.  A 
normal  TSH  level  is  a  fairly  reliable  indicator  of 
normal  thyroid  function.  If  TSH  levels  are  found 
to  be  normal  in  a  clinical  setting  suspicious  of 
myxedema,  non-thyroidal  etiologies  must  be 
investigated.  In  the  rare  case  of  central  hypothy¬ 
roidism,  TSH  levels  can  be  low  or  normal, 
accompanied  by  very  low  levels  of  T4  [12]. 

Thyroxine  Replacement 

Due  to  the  relative  rarity  of  myxedema  coma, 
large-scale  controlled  trials  comparing  different 
therapeutic  regimens  do  not  exist.  Most  clinical 
data  originate  from  case  series  and  small  trials. 
The  majority  of  these  studies  suggest  that  T4 
given  in  doses  of  100-500  pg  is  safe  and  effec¬ 
tive.  Most  commonly,  T4  monotherapy  is  started 
at  a  loading  dose  of  200-300  pg  IV.  Treatment 
should  be  started  immediately  when  myxedema 
coma  is  suspected,  preferably  right  after  diagnos¬ 
tic  samples  are  obtained.  The  patient  is  then 
maintained  on  100  pg  IV  daily  and  transitioned 
to  enteral  treatment  when  gastric  emptying  and 
bowel  motility  are  adequate.  Once  the  patient  is 
stable,  an  oral  replacement  dose  of  1.6  pg/kg  is 


the  typical  initial  maintenance  dose  in  the  first  6 
weeks  after  diagnosis  until  TSH  and  free  T4  are 
repeated  to  guide  dose  adjustment. 

Corticosteroid  Replacement 

Because  5-10%  of  patients  with  myxedema 
coma  have  concomitant  adrenal  insufficiency,  the 
American  Thyroid  Association  guidelines  rec¬ 
ommend  initial  corticosteroid  replacement  [13, 
14].  Prior  to  initiation  of  thyroid  hormone  treat¬ 
ment,  100  mg  of  IV  hydrocortisone  should  be 
given  every  8  h  and  continued  until  adrenal  insuf¬ 
ficiency  is  ruled  out.  A  random  cortisol  level 
should  be  drawn  before  treatment  to  assess  adre¬ 
nal  function.  If  necessary,  a  corticotropin  stimu¬ 
lation  test  can  be  performed  later.  Hydrocortisone 
may  be  discontinued  once  adrenal  insufficiency 
is  ruled  out. 

Supportive  Care 

Patients  with  suspected  myxedema  coma  usually 
require  ICU  admission  for  management  of 
severely  depressed  mental  status  or  the  precipi¬ 
tating  conditions,  including  sepsis,  myocardial 
infarction,  and  shock.  It  is  generally  prudent  to 
initiate  a  work-up  for  sepsis  in  these  patients  and 
administer  broad- spectrum  antibiotics  after  cul¬ 
tures  have  been  sent.  Lumbar  puncture  should  be 
considered  to  rule  out  meningitis  as  a  cause  of 
altered  mental  status  and  hypothermia. 

Myxedema  coma  patients  commonly  present 
with  severe  multi-organ  impairment. 
Hemodynamic  support  with  intravenous  fluids 
and  vasoactive  agents  may  be  necessary.  Large 
pericardial  effusions  causing  cardiac  tamponade 
and  requiring  pericardiocentesis  have  been 
reported  [15].  Mild  hyponatremia  is  usually  cor¬ 
rected  with  thyroid  replacement  therapy  alone. 
Hypothermia  is  common  and  in  most  cases 
should  be  managed  with  passive  rewarming 
alone,  as  active  rewarming  can  precipitate  periph¬ 
eral  vasodilation  and  circulatory  collapse.  For 
severe  hypothermia,  with  core  temperature  less 
than  28  °  C,  active  rewarming  is  indicated  to 
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reduce  the  risk  for  ventricular  fibrillation;  tem¬ 
perature  should  be  increased  by  0.5  °  C  per  hour 
to  a  core  temperature  of  31  °  C  [14]. 

Evidence  Contour 

Though  thyroid  hormone  replacement  is  the 
mainstay  of  myxedema  coma  treatment,  there  is 
an  ongoing  debate  over  the  best  thyroid  hormone 
preparation  and  ideal  dosing  regimen.  There  is  a 
wide  range  of  dosing  recommendations  based  on 
the  reported  uses  in  literature.  Doses  above 
500  pg  IV  thyroxine  have  been  associated  with 
increased  mortality  and  should  be  avoided  [16]. 
A  reasonable  approach  is  to  give  an  initial  dose  of 
200-300  pg  of  levothyroxine  and  then  monitor 
the  clinical  response.  If  mental  status,  blood  pres¬ 
sure  and  temperature  are  not  improved,  another 
dose  of  levothyroxine  can  be  given  to  bring  the 
total  loading  dose  to  500  pg  [14]. 

Triiodothyronine  (T3)  is  the  metabolically 
active  form  of  thyroid  hormone,  but  despite  its 
biological  appeal,  its  use  is  controversial.  At  least 
one  study  suggests  that  at  higher  doses,  use  of  T3 
is  associated  with  higher  mortality  [17].  Some 
authors  recommend  its  use  in  severe  cases  at  the 
dose  of  12.5-25  pg  every  6  h;  others  discuss  the 
use  of  combination  T4  and  T3  therapy.  Neither  of 
these  regimens  has  demonstrated  benefit  over 
levothyroxine  therapy  alone  [18,  19]. 
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Case  Presentation 

A  48-year-old  male  with  history  of  type  II  diabe¬ 
tes  presented  to  the  Emergency  Room  with 
abdominal  pain  for  4  days  associated  with  dys- 
uria,  left  sided  flank  pain,  and  decreased  oral 
intake.  In  the  Emergency  Department  his  pre¬ 
senting  vital  signs  were  HR  175/min,  BP 
81/51  mmHg,  RR  30/min  Sp02  of  98%  on  oxy¬ 
gen  at  5  L/min.  Physical  exam  was  significant  for 
an  acutely  ill  appearing  male  with  left  sided  cos¬ 
tovertebral  angle  tenderness.  Urinalysis  was  sig¬ 
nificant  for  many  bacteria  and  2+  leukocyte 
esterase.  Labs  showed  an  elevated  WBC  at  14.2  k 
with  91  %  PMNs,  elevated  lactic  acid  of  6.8  and 
elevated  creatinine  at  1.5.  A  CT  scan  abdomen 
pelvis  revealed  an  obstructing  kidney  stone 
within  the  left  ureter  and  renal  pelvis  with  result¬ 
ing  hydronephrosis  and  perirenal  fat  stranding. 

Question  What  is  the  appropriate  management 
for  this  patient  with  septic  shock  from  a  urinary 
source? 

Answer  Correct  antimicrobial  administration  and 
detection/elimination  of  sequestered  infection. 
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All  patients  with  sepsis  from  a  urinary  source 
should  be  treated  with  rapid  resuscitation,  early 
appropriate  antimicrobial  agents  and  elimination  of 
infection  sources  that  are  not  accessible  to  the 
blood  stream.  This  patient  received  4  1  of  lactated 
ringers  in  the  Emergency  Department  without 
improvement  in  his  vital  signs  and  repeat  lactic 
acid  of  2.5  after  3  h.  Within  the  first  two  hours  of 
presentation  that  patient  received  two  sets  of 
peripheral  blood  cultures  and  was  administered  1  g 
of  Ceftriaxone.  En  route  to  the  intesive  care  unit  the 
patient  was  taken  to  the  interventional  radiology 
suite  with  successful  placement  of  a  left  nephros¬ 
tomy  tube  and  decompression  of  his  hydronephro¬ 
sis.  In  the  intensive  care  unit,  a  central  line  was 
placed  and  the  patient  was  initiated  on  vasopressor 
support  with  a  goal  MAP  of  65.  On  day  2  of  hospi¬ 
talization  the  patient’s  blood  cultures  returned  posi¬ 
tive  in  both  set  with  gram  negative  organisms.  He 
was  continued  on  ceftriaxone  and  was  able  to  be 
weaned  of  vasopressor  support  on  day  3  of  his  hos¬ 
pitalization  and  was  transferred  out  of  the  ICU  to 
the  general  medical  ward  the  next  day. 


Principles  of  Management 
Diagnosis 

Several  risk  factors  have  been  identified  that  pre¬ 
dispose  patients  to  developing  urosepsis.  Any 
patient  who  has  undergone  recent  urological 
intervention  is  at  particularly  high  risk  of  develop¬ 
ing  urosepsis  within  24  h  following  the  procedure. 
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Additional  risk  factors  include  indwelling  foreign 
object  (indwelling  catheter,  ureteric  stents,  neph¬ 
rostomy  tubes,  nephrolithiasis)  within  the  urinary 
tract  and  history  of  previous  urinary  tract  infec¬ 
tion  [1]. 

In  general  the  diagnosis  for  urosepsis  can  be 
made  in  a  noncatheterized  patient  if  two  of  the 
following  are  present:  fever,  urgency,  costoverte¬ 
bral  or  suprapubic  tenderness,  pyuria,  or  radio- 
logic  evidence  of  urinary  tract  infection 
(pyelonephritis,  abscess  formation,  etc.).  In  addi¬ 
tion  if  a  fluid  collection  (abscess,  phlegmon, 
hydronephrotic  kidney)  within  the  urinary  tract  is 
sampled  and  has  a  positive  gram  stain  or  culture 
this  is  indicative  of  a  urinary  tract  infection. 
Diagnosis  for  chronically  catheterized  patients  is 
similar  except  requires  frank  pus  express,  greater 
than  10  WBC/uL,  or  leukocyte  esterase/nitrate 
positivity  [1,2]. 

Early  imaging  on  presentation  is  essential  to 
eliminate  the  possibility  of  urinary  tract  obstruc¬ 
tion  or  contained  infection.  Urinary  tract  obstruc¬ 
tion  and  contained  infection  (abscess,  phlegmon, 
hydronephrotic  kidney)  may  require  procedural 
intervention  to  attain  source  control.  Imaging  can 
include  renal  ultrasound  or  CT  scan.  Of  the  two, 
CT  with  IV  contrast  has  been  shown  to  be  more 
sensative  in  detecting  abnormalities  that  may 
require  intervention  in  the  patient  with  urosepsis 
[3].  CT  scans  without  contrast  have  decreased 
sensitivity  for  detecting  abscess  and  phlegmon 
development  (Fig.  52.1). 

Empiric  Antimicrobial  Administration 

Selecting  an  antimicrobial  agent  that  can  effec¬ 
tively  treat  the  infective  pathogen  is  essential  to 
the  optimal  management  of  a  patient  with  uro¬ 
sepsis.  It  is  paramount  that  the  antimicrobial 
selected  not  only  effectively  targets  the  sus¬ 
pected  infectious  agent  but  also  that  it  penetrates 
the  urologic  system  (i.e.  is  excreted  by  the  kid¬ 
neys).  When  selecting  an  initial  antimicrobial 
prior  to  the  identification  of  the  offending  organ¬ 
ism  is  important  to  consider  local  susceptibili¬ 
ties,  previous  patient  colonization,  recent 
antimicrobial  administratio  or  recent  hospital¬ 


ization  (both  lead  to  increased  chance  of  resis¬ 
tant  organisms),  foreign  body  presence,  and 
patient  specific  circumstances  (cystic  kidney, 
acute  kidney  injury,  etc.). 

For  a  patient  with  no  risk  factors  for  develop¬ 
ment  of  resistant  organisms  ceftriaxone  or  another 
3rd  generation  cephalosporin  may  be  administered. 
Fluoroquinolones  (namely  ciprofloxacin  and  levo- 
floxacin)  were  previously  recommended  for  first 
line  therapy  as  often  as  3rd  generation  cephalospo¬ 
rins  for  treatment  of  urosepsis  however  fluroquino- 
lone  resistance,  particularly  in  E.  coli,  have  made 
these  agents  less  appealing  [4].  Patients  previously 
treated  patients  for  E  coli  and  K  pneumoniae  are  at 
risk  for  extended  spectrum  beta-lactamase  (ESBF) 
producing  organisms.  In  these  patients,  empiric 
treatment  with  the  carbapenem  class  of  antibiotics 
is  preferred.  In  the  patient  with  previous  history  of 
vancomycin  resistant  enterococcus  (VRE)  line- 
zolid  is  the  preferred  agent.  Aminoglycosides,  long 
a  mainstay  in  the  treatment  of  urinary  sepsis 
because  of  their  concentration  within  the  urinary 
collective  system,  have  fallen  out  of  favor  due  to 
the  risk  of  renal  toxicity.  For  the  patient  with  previ¬ 
ous  fungal  colonization  of  their  urinary  source  and 
concern  for  fungal  urinary  sepsis  empiric  treatment 
with  fluconazole  or  amphotericin  B  deoxycholate 
are  the  preferred  antifungals  because  of  their  uri¬ 
nary  tract  presentation.  Echinocandins  and  other 
azoles,  as  well  as  amphotericin  B  lipid  formulas  do 
not  have  good  urinary  tract  penetration  and  should 
be  avoided  [5]. 

Procedures/Surgery 

In  order  to  attain  source  control  of  urinary  infec¬ 
tions  caused  by  obstruction  it  is  necessary  to 
relieve  the  obstruction.  Interventions  for  reliev¬ 
ing  obstruction  include  foley  catheter  insertion, 
ureteral  stents,  nephrostomy  tubes,  surgical 
drainage,  and  nephrectomy.  The  choice  of  inter¬ 
vention  depends  on  the  location  of  the  obstruc¬ 
tion.  For  post-vesicular  obstruction,  foley 
catheter  placement  may  relieve  the  obstruction. 
However  if  the  obstruction  is  ureteral,  nephros¬ 
tomy  tube  placement  or  retrograde  ureteral  stent 
is  necessary. 
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Fig.  52.1  (a,  b)  Ultrasound  images  showing  massive  dilation  of  the  renal  pelvis  and  collecting  system  (hydronephro¬ 
sis)  due  to  ureteral  obstruction 


Evidence  Contour 

Several  aspects  regarding  the  diagnosis  and  man¬ 
agement  of  urosepsis  remain  without  consensus. 

Empiric  Anitbiotic  Choice 

Given  the  importance  of  correctely  targeting  the 
correct  offending  bacteria  species  within  the  first 
couple  of  hours  of  sepsis  it  is  essential  to  select  the 
correct  antimicrobial  emperically,  prior  to  culture 
data  being  available.  Some  data  is  available  from 
previous  studies  regarding  the  most  efficacious 
empiric  antibacterial  agent.  One  study  compared 
empiric  intravenous  doripenem  (a  carbapenem)  vs. 
intravenous  levofloxacin  (a  fluoroquinolone)  as  the 
treatment  of  complicated  urinary  tract  infections 
and  found  cure  rates  comparable  at  approximately 
80%  each  [6].  Another  study  compared  ertapenem 
(a  carbapenem)  and  ceftriaxone  (a  third  generation 
cephalosporin)  in  patients  with  complicated  UTI 
and  found  equitable  microbiological  responses  [7]. 
Thus,  it  appears  as  though  local  susceptibility  pat¬ 
terns  should  be  used  for  antimicrobial  selection. 

Indications  for  Imaging 

Frequently  in  patients  with  a  high  degree  of  clini¬ 
cal  suspicion  for  pyelonephritis  no  imaging  is 
necessary.  However,  in  the  septic  ICU,  patient, 


imaging  should  be  considered.  Computed  tomog¬ 
raphy  (CT)  has  proven  to  be  the  most  complete 
evaluation  of  the  genito-urinary  tract.  However, 
no  direct  comparrison  studies  in  the  acutely  sep¬ 
tic  patient  exist  comparing  outcomes  from  initial 
CT  to  ultrasound  examination,  which  is  also  fre¬ 
quently  used  in  this  patient  population  [3]. 
Ultrasound  is  almost  always  more  inexpensive 
test,  but  has  high  sensitivity  for  hydronephrosis 
from  an  intervenable  obstruction,  and  spares  the 
patient  of  radiation  exposure.  However,  this 
modality  often  requires  a  experienced  operator  or 
dedicated  ultrasound  technician  to  be  available 
(may  be  difficult  in  the  evening/weekend  hours) 
and  is  may  provide  suboptimal  images  in  patients 
who  are  obese  [3].  Studies  evaluating  initial  use 
of  of  CT  to  ultrasound  in  the  patient  with  sepsis 
from  a  urinary  source  warrants  further  investiga¬ 
tion  (Fig.  52.2). 

Intervention  Method 

Relief  of  obstruction  is  critical  for  source  control 
in  patients  presenting  with  urinary  sepsis  with 
underlying  obstruction  (stricture,  nephrolithiasis, 
etc.).  A  common  thought  is  that  while  retrograde 
ureteral  stent  placement  provides  more  definitive 
relief  of  the  obstruction  it  requires  general  anes¬ 
thesia  which  may  not  be  feasible  in  the  acutely 
unstable  septic  patient.  One  study  investigating  42 
patients  with  obstructive  calculi  and  sepsis 
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Fig.  52.2  Non-contrast  CT  of  the  abdomen  showing  left  sided  collecting  system  dilation  with  perinephric  stranding  in 
the  panel  on  the  left  (a).  On  the  right  (b),  CT  shows  resolution  following  relief  of  obstruction 


revealed  similar  success  rates  between  the  two 
modalities  in  regards  to  WBC  normalization  and 
fever  trend  [8].  Success  in  relief  of  obstruction  fol¬ 
lowing  nephrostomy  completion  is  generally 
greater  than  90%  of  patients.  The  rate  of  major 
complications  secondary  to  nephrostomy  tube 
placement,  namely  hemorrhage,  varied  from  2  to 
5  %  of  cases  depending  on  operator  experience  [9]. 

However,  there  are  data  suggesting  that  retro¬ 
grade  ureteral  stent  placement  may  offer  some  ben¬ 
efits.  In  that  same  study  by  Pearle,  retrograde  stent 
placement  was  found  to  reduce  length  of  hospital 
stay  when  compared  to  patients  who  received  neph¬ 
rostomy  placement  (4.5  vs.  3.2  days).  This  similar¬ 
ity  in  outcomes  with  reduction  of  hospital  stay 
length  may  argue  that  when  feasible,  retrograde  ure¬ 
teral  stent  placement  should  be  preferred  [8,  9]. 
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Case  Presentation 

A  70  year  old  man  with  a  history  of  hypertension 
and  diabetes  presents  from  his  nursing  home  to 
the  emergency  room  with  fevers,  chills,  and 
hypotension.  He  had  complained  of  a  productive 
cough  2  days  prior  to  presentation  to  the  emer¬ 
gency  room.  At  the  time  of  presentation  his  tem¬ 
perature  was  39  °C,  blood  pressure  was 
86/60  mmHg,  respiratory  rate  was  22,  pulse  was 
111.  His  oxygen  saturation  (Sa02)  on  room  air 
was  86%  and  on  2  L  NC  was  92%.  Laboratory 
results  revealed  a  WBC  count  of  18,000  cells  per 
microliter,  hemoglobin  of  13  g  per  deciliter, 
BUN  of  55  mg/dl,  creatinine  of  1.8  mg/dl  and 
initial  lactic  acid  level  was  5  mmol/L.  Chest 
x-ray  findings  are  below  (Figs.  53.1  and  53.2). 
The  ER  began  treatment  for  pneumonia  with 
septic  shock. 
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Question  What  approach  should  guide  this 
patient’s  treatment  of  septic  shock? 

Answer  Six  Hour  Sepsis  Bundle 

The  management  of  patients  with  severe  sep¬ 
sis  and  septic  shock  has  evolved  into  protocols 
which  utilize  “bundles.”  “A  bundle  is  a  selected 
set  of  elements  of  care  distilled  from  evidence- 
based  practice  guidelines  that,  when  imple¬ 
mented  as  a  group,  have  an  effect  on  outcomes 
beyond  implementing  the  individual  elements 


Fig.  53.1  PACXR 
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Fig.  53.2  Lateral  CXR 

alone”  [1].  The  Surviving  Sepsis  Campaign  pro¬ 
vided  the  first  bundled  care  process  for  the  man¬ 
agement  of  patients  with  severe  sepsis  and  septic 
shock  [2].  The  first  bundle  involves  care  for  the 
initial  3  h  of  sepsis  recognition.  The  second  bun¬ 
dle  within  the  first  6  h  of  therapy,  usually  in  an 
intensive  care  unit  (ICU). 

This  patient  was  initially  given  a  fluid  chal¬ 
lenge  of  30  mL/kg  of  0.9  %  normal  saline  (NS). 
Blood,  sputum,  and  urine  cultures  were  sent.  He 
was  started  on  broad  spectrum  antibiotics; 
Vancomycin,  Piperacillin/Tazobactam,  and 
Azithromycin.  Despite  additional  volume  admin¬ 
istration,  his  blood  pressure  failed  to  normalize 
after  5  L  of  0.9%  NS.  A  central  line  was  placed 
and  he  was  started  on  Norepinephrine.  Gram  stain 
from  his  sputum  culture  was  positive  for  gram 
positive  cocci  in  pairs  which  eventually  speciated 
to  Streptococcus  pneumonia.  Lactic  acid  level 
decreased  to  3  mmol/L  after  6  h  and  normalized 
by  the  next  day.  Norepinephrine  was  discontinued 
after  12  h.  The  patient  received  at  total  of  10  L  of 
0.9  NS.  He  was  transitioned  to  a  general  care  floor 
after  36  h  in  the  ICU.  After  48  h,  the  Streptococcus 
proved  to  be  pan-sensitive  and  his  antibiotic  regi¬ 
men  was  changed  to  Ceftriaxone. 


Principles  of  Management 

Definition  and  Recognition 

Despite  the  advances  in  modern  medicine,  sepsis 
continues  to  be  a  leading  cause  of  death  and  a 
significant  inpatient  cost.  The  incidence  of  severe 
sepsis  in  the  United  States  has  been  reported  to 
be  as  high  as  300  cases  per  100,000  population 
with  an  annual  cost  of  $14  billion  per  year.  Sepsis 
is  now  defined  as,  “A  life-threatening  organ  dys¬ 
function  due  to  a  dysregulated  host  response  to 
infection.”  Simply  stated,  sepsis  is  a  suspected 
infection  in  the  presence  of  organ  dysfunction, 
where  organ  dysfunction  is  defined  as  in  increase 
in  sepsis  organ  failure  assessment  (SOFA)  score 
of  at  least  two  points. 

New  Definitions  and  Constructs 

•  Sepsis  is  defined  as  life-threatening 
organ  dysfunction  due  to  a  dysregulated 
host  response  to  infection 

•  Organ  dysfunction  can  be  identified  as 
an  acute  change  in  total  SOFA  score  >2 
points 

•  In  lay  terms,  sepsis  is  a  life-threatening 
condition  that  arises  when  the  body’s 
response  to  an  infection  injures  its  own 
tissues  and  organs 

•  Adult  patients  with  suspected  infection 
who  are  likely  to  have  a  prolonged  ICU 
stay  or  to  die  in  hospital  can  be  promptly 
identified  using  qSOFA,  i.e.,  alteration 
in  mental  status,  systolic  blood  pressure 
<100  mmHg  or  respiratory  rate  >22 
breaths/min 

•  Septic  shock  is  a  subset  of  sepsis  where 
underlying  circulatory  and  cellular/meta¬ 
bolic  abnormalities  are  profound  enough 
to  substantially  increase  mortality 

•  Adult  patients  with  septic  shock  can  be 
identified  using  a  clinical  construct  of 
sepsis  with  persisting  hypotension 
requiring  vasopressors  to  maintain  MAP 
>65  mmHg,  AND  a  blood  lactate 
>2  mmol/1  despite  adequate  volume 
resuscitation 
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Septic  shock  is  now  defined  as,  “a  subset  of  septic 
patients  where  underlying  circulatory  and 
cellular-metabolic  abnormalities  are  profound 
enough  to  substantially  increase  mortality,”  and 
is  characterized  by: 

•  The  requirement  vasopressors  to  maintain 
mean  BP  >65  mmHg 

•  A  lactate  >  2  mmol/1 

•  The  absence  of  other  causes,  especially 
hypovolemia 

The  new  definitions  no  longer  utilize  the  term, 
“severe  sepsis.”  Additionally  the  systemic  inflam¬ 
matory  response  syndrome  (SIRS)  no  longer  is 
part  of  the  definition.  The  Quick  Sepsis  Organ 
Failure  Assessment  Score  (qSOFA)  has  been 
found  to  represent  the  best  screening  tool  to  iden¬ 
tify  infected  patients  who  are  severely  ill  and  at 
high  risk  of  deterioration: 

•  Glasgow  Coma  Score  <13 

•  Respiratory  rate  >  22  breaths/min 

•  Blood  pressure  <100  mmHg 

This  tool  works  best  for  patients  outside  of  the 
intensive  care  unit.  It  is  meant  as  a  screening  tool, 
instead  of  SIRS,  and  is  not  meant  to  define  sepsis. 
While  the  addition  of  lactate  levels  failed  to 
improve  the  qSOFA  tool,  the  addition  of  other 
clinical  criteria  such  as  lactate  can  be  important 
in  the  overall  assessment  of  whether  an  infected 
patient  requires  intervention. 

Surviving  Sepsis  Campaign  Sepsis 
Bundle 

Rivers  et  al.  developed  a  protocol  designed  to 
guide  the  management  of  severe  sepsis  and  septic 
shock  [5].  The  protocol  included  specific  target 
values  for  central  venous  pressure  (CVP),  mean 
arterial  pressure  (MAP),  systemic  oxygen  con¬ 
sumption  using  mixed  venous  oxygen  saturation 
(Sv02),  hematocrit,  cardiac  index,  and  urine  out¬ 
put.  In  response  to  accumulated  evidence  the 
Surviving  Sepsis  campaign  currently  lists  only 
mean  arterial  pressure  65  mmHg  as  a  hemody¬ 
namic  goal  [6].  The  3  h  and  6  h  bundles  are 


displayed  below.  The  3  h  bundle  emphasizes 
timely  administration  of  broad  spectrum  antibiot¬ 
ics  and  an  initial  fluid  administration  of  30  ml/kg 
of  crystalloid  in  the  face  of  an  elevated  lactate 
level.  The  6  h  bundle  provides  guidance  regard¬ 
ing  the  potential  ongoing  need  for  vasopressor 
administration  and/or  additional  volume  admin¬ 
istration  in  the  face  of  ongoing  hypotension. 

Surviving  Sepsis  Campaign  Bundle  [1] 

TO  BE  COMPLETED  WITHIN  3  HOURS 

OF  TIME  OF  PRESENTATION*: 

1 .  Measure  lactate  level 

2.  Obtain  blood  cultures  prior  to  adminis¬ 
tration  of  antibiotics 

3.  Administer  broad  spectrum  antibiotics 

4.  Administer  30  ml/kg  crystalloid  for 
hypotension  or  lactate  >4  mmol/L 

*  “Time  of  presentation”  is  defined  as  the 
time  of  triage  in  the  emergency  depart¬ 
ment  or,  if  presenting  from  another  care 
venue,  from  the  earliest  chart  annotation 
consistent  with  all  elements  of  severe 
sepsis  or  septic  shock  ascertained  through 
chart  review 

TO  BE  COMPLETED  WITHIN  6 

HOURS  OF  TIME  OF  PRESENTATION: 

5.  Apply  vasopressors  (for  hypotension 
that  does  not  respond  to  initial  fluid 
resuscitation)  to  maintain  a  mean  arte¬ 
rial  pressure  (MAP)  >65  mmHg 

6.  In  the  event  of  persistent  hypotension 
after  initial  fluid  administration 
(MAP  <65  mmHg)  or  if  initial  lactate 
was  >4  mmol/L,  re-assess  volume  sta¬ 
tus  and  tissue  perfusion 

7.  Re-measure  lactate  if  initial  lactate 
elevated. 


Fluid  Management 

An  important  focus  of  initial  treatment  in  septic 
shock  is  sufficient  and  appropriate  early 
administration  of  intravenous  fluids.  Current 
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guidelines  recommend  crystalloids  as  the  initial 
fluid  choice,  with  a  minimal  initial  challenge  of 
30  mL/kg  [6].  Nevertheless,  albumin  is  a  colloid 
frequently  used  for  resuscitation  in  hypotensive 
patients.  The  Saline  versus  Albumin  Fluid 
Evaluation  (SAFE)  trial  compared  resuscitation 
strategies  using  4  %  albumin  or  normal  saline  in 
all  ICU  patients  and  demonstrated  similar  out¬ 
comes  [7] .  Two  studies  have  compared  saline  and 
albumin  administration  as  resuscitation  fluid  in 
septic  patients.  Both  showed  no  difference  in  28 
day  mortality  but  one  study  (CRISTAL)  did  dem¬ 
onstrate  improved  survival  at  90  days  in  the  albu¬ 
min  group  [8].  Normal  saline  is  the  most 
commonly  used  crystalloid.  Administration  in  the 
setting  of  sepsis  resuscitation  has  been  associated 
with  hyperchloremic  (nonanion  gap)  metabolic 
acidosis,  which  had  been  considered  to  pose  a  risk 
of  acute  kidney  injury  [9,  10].  However  the  use  of 
a  chloride-restrictive  fluid  strategy  using  a  buff¬ 
ered  saline  solution  did  not  result  in  a  decreased 
rate  of  AKI  compared  with  saline  when  used  for 
resuscitation  in  a  large  randomized  trial  of  inten¬ 
sive  care  patients  [11].  Semisynthetic  colloids 
such  as  hydroxy  ethyl  starch  are  not  recommended 
for  acute  resuscitation.  In  some  studies  their  use 
has  been  associated  with  renal  failure,  coagulopa¬ 
thy  and  increased  mortality  [9, 12].  Blood  transfu¬ 
sions  were  theorized  to  improve  oxygen  carrying 
capacity  and  improved  oxygen  delivery.  The 
Rivers  EGDT  protocol  included  a  hematocrit  goal 
of  30  %  or  more  if,  after  the  improvement  of  blood 
pressure,  the  Sv02  remained  less  than  70%  [5]. 
This  provision  was  included  in  the  initial 
Surviving  Sepsis  guidelines.  In  the  absence  of 
evidence  that  transfusions  were  truly  beneficial 
and  with  increasing  evidence  for  harm  secondary 
to  arbitrary  transfusion  thresholds,  the  recommen¬ 
dations  were  modified  to  have  a  goal  range  of 
7-9  g/dl  unless  myocardial  ischemia,  coronary 
artery  disease,  acute  hemorrhage,  or  severe 
hypoxemia  are  present  [2,  6,  13,  14]. 

Hemodynamic  Response 

Presently  the  Surviving  Sepsis  Campaign  recom¬ 
mends  either  a  repeat  focused  physical  exam 
(including  vital  signs,  capillary  refill,  pulse  and 


skin  findings)  or  the  measurement  of  two  of  the 
following  parameters:  central  venous  pressure; 
superior  vena  cava  oxygen  saturation;  bedside 
cardiovascular  ultrasound;  or  dynamic  assess¬ 
ment  of  fluid  responsiveness  with  passive  leg 
raise  or  fluid  challenge. 

Skin  mottling  has  been  described  in  sepsis  for 
over  60  years  [15].  Increasing  evidence  has  iden¬ 
tified  a  crucial  role  of  microcirculation  impairment 
in  severe  infections.  One  center  developed  a  mot¬ 
tling  score  (from  0  to  5),  based  on  mottling  area 
extension  from  the  knees  to  the  periphery.  There 
was  improved  survival  in  patients  whose  mottling 
score  decreased  during  the  resuscitation  period 
[16]  (Fig.  53.3). 

Central  venous  pressure  (CVP)  remains  a 
common  approach  to  monitor  fluid  responsive¬ 
ness  but  should  be  used  in  conjunction  with  other 
dynamic  variables.  The  goal  has  been  8-12  mmHg 
for  non- ventilated  patients  and  12-15  mmHg  for 
those  requiring  mechanical  ventilation  [17]. 
Since  CVP  may  not  accurately  assess  volume  sta¬ 
tus  especially  in  mechanically  ventilated  patients 
with  high  airway  pressures,  measurement  of  CVP 
should  not  be  used  in  isolation. 

Mixed  venous  oxygen  saturation  measures  the 
net  balance  between  oxygen  delivery  (influenced 
by  arterial  oxygen  saturation,  hemoglobin,  and  car¬ 
diac  output)  and  oxygen  consumption  by  the  tis¬ 
sues.  Samples  obtained  from  the  subclavian  or 
vena  cava  typically  show  higher  saturation  than 
samples  from  the  right  atrium.  The  target  for  ade¬ 
quate  venous  oxygenation  is  70%  or  more  for 
superior  vena  cava  and  65  %  for  the  right  atria  [17]. 
Pulmonary  arterial  catheterization  and  monitoring 
have  not  shown  to  improve  outcomes.  The  proce¬ 
dure  may  also  confer  risk  to  the  patient. 

Passive  leg  raise  is  a  simple  method  of  assess¬ 
ing  intravascular  volume  and  fluid  responsive¬ 
ness.  The  patient  is  moved  to  a  supine  position 
with  the  legs  raised  to  45°  for  several  minutes.  An 
increase  of  venous  return  causing  a  >10% 
increase  in  aortic  blood  flow  measured  by  esoph¬ 
ageal  Doppler  and  arterial  pulse  pressure  sig¬ 
naled  a  response  to  fluids  [18].  Dynamic  variables 
such  as  pulse  pressure  variation  or  ultrasound 
evaluation  of  the  inferior  vena  cava  (IVC)  can 
also  be  used.  Pulse  pressure  variation  is  calcu¬ 
lated  via  arterial  line  measurements  of  maximum 
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Fig.  53.3  Skin  Mottling 
Score.  Left :  the  mottling 
score  is  based  on  a 
mottling  area  extension  on 
the  legs.  Score  0  indicates 
no  mottling;  score  1,  a 
modest  mottling  area  (coin 
size)  localized  to  the  center 
of  the  knee;  score  2,  a 
moderate  mottling  area  that 
does  not  exceed  the 
superior  edge  of  the 
kneecap;  score  3,  a  mild 
mottling  area  that  does  not 
exceed  the  middle  thigh; 
score  4,  a  severe  mottling 
area  that  does  not  go 
beyond  the  fold  of  the 
groin;  score  5,  an 
extremely  severe  mottling 
area  that  goes  beyond  the 
fold  of  the  groin.  Right 
Examples  of  the  mottling 
score 


Mottling  score 


SCORE  2  SCORE  4 


and  minimum  pulse  pressure  during  a  single 
respiratory  cycle  (Fig.  53.4).  Increasing  variation 
predicts  fluid  responsiveness  [19]. 

Focused  ultrasonography  is  another  method  to 
discern  central  hemodynamics  and  the  etiology 
of  shock.  It  can  reveal  right  and  left  cardiac 
chamber  size  and  contractility,  pericardial  fluid, 
and  inferior  vena  cava  size  and  collapsibility 
suggestive  of  hypovolemia,  among  other  fea¬ 
tures.  A  minimally  collapsible  I  VC  is  associated 
with  euvolemia  or  hypervolemia  while  a  highly 
collapsible  IVC  is  associated  with  hypovolemia 
[20]  (Video  53.1).  Recent  guidelines  and  consen¬ 
sus  statements  recommend  focused  ultrasonogra¬ 
phy  as  best  clinical  practice  in  the  initial 
assessment  of  hemodynamically  unstable  patients 
with  septic  shock  despite  no  rigorous  RCTs  of 
focused  cardiac  ultrasonography  affecting 
patient-centered  outcomes  in  septic  shock  [21]. 

Tissue  Perfusion 

Elevated  lactate  level  >  2  are  part  of  the  diagnos¬ 
tic  criteria  for  septic  shock,  although  the 
Surviving  Sepsis  Campaign  has  previously 


utilized  a  level  of  4.  Lactate  clearance  is  used  as 
a  marker  of  improving  tissue  perfusion  and  is  a 
target  of  early  therapy.  The  goal  is  normalization 
of  lactate,  however  early  improvement  of  at  least 
10-20%  from  baseline  lactate  is  associated  with 
a  mortality  benefit  comparable  to  a  Sv02  of  70  % 
or  more  [22].  The  rigorous  targeting  of  Sv02  to 
over  70%  is  not  essential  for  the  early  manage¬ 
ment  of  sepsis.  Sv02  is  now  considered  one  of 
several  methods  of  evaluating  successful  resusci¬ 
tation.  Strategies  to  optimize  both  lactate  clear¬ 
ance  and  Sv02  may  be  complimentary  and 
currently,  no  single  measure  is  clearly  superior. 

Vasopressors 

Norepinephrine  is  recommended  as  the  first  line 
agent  for  use  in  patients  with  septic  shock. 
Dopamine  is  associated  with  a  higher  rate  of  dys¬ 
rhythmias  and  low-dose  dopamine  for  renal 
protection  is  not  recommended  [23].  Vasopressin 
at  .01  to  .03  U  per  minute  was  compared  to  nor¬ 
epinephrine  in  the  VASST  study  [24].  There  was 
no  significant  mortality  difference  at  28  or  90 
days  in  all  patients  with  sepsis.  The  Surviving 
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Fig.  53.4  Pulse  pressure  variation.  Analytical  description 
of  respiratory  changes  in  arterial  pressure  during  mechani¬ 
cal  ventilation.  The  systolic  pressure  and  the  pulse  pressure 
(systolic  minus  diastolic  pressure)  are  maximum  (SPmax 
and  PPmax,  respectively)  during  inspiration  and  minimum 
(SPmin  and  PPmin,  respectively)  a  few  heartbeats  later,  i.e., 
during  the  expiratory  period.  The  systolic  pressure  variation 

Sepsis  Guidelines  states  that  Vasopressin  at  .03 
U/min  can  be  used  in  an  effort  to  further  raise 
mean  arterial  pressure  (MAP)  or  to  decrease  the 
dose  of  norepinephrine.  It  is  not  recommended  as 
a  first  line  agent.  There  have  been  few  studies 
evaluating  phenylephrine,  an  a-1  adrenergic 
receptor  agonist,  in  sepsis.  It  is  also  not  recom¬ 
mended  as  a  first  line  agent. 

Treatment  of  Infection 

and  Antimicrobial  Stewardship 

Source  control  is  defined  as  “all  physical  mea¬ 
sures  undertaken  to  eliminate  a  source  of  infec¬ 
tion,  to  control  ongoing  contamination,  and  to 
restore  premorbid  anatomy  and  function”  [25]. 
The  Surviving  Sepsis  Guidelines  define  source 
control  as:  a)  specific  diagnosis  of  infection  and 
intervention  within  12  h  of  diagnosis,  b)  if  infected 
peripancreatic  necrosis  is  identified,  definitive 
intervention  is  best  delayed  until  adequate  demar¬ 
cation  of  viable  and  nonviable  tissues  has 


(SPV)  is  the  difference  between  SPmax  and  SPmin.  The 
assessment  of  a  reference  systolic  pressure  (SPref)  during 
an  end-expiratory  pause  allows  the  discrimination  between 
the  inspiratory  increase  (Aup)  and  the  expiratory  decrease 
(Adown)  in  systolic  pressure.  Pa  arterial  pressure,  Paw  air¬ 
way  pressure  (From  Michard  et  al.  [54].  Reprinted  with 
permission  from  Wolters  Kluwer  Health,  Inc) 

occurred,  c)  effective  intervention  associated  with 
the  least  physiologic  insult  should  be  used 
(e.g.,  percutaneous  rather  than  surgical  drainage 
of  an  abscess),  and  d)  if  intravascular  access 
devices  are  a  possible  source  of  sepsis  or  septic 
shock,  they  should  be  removed  promptly  after 
other  vascular  access  has  been  established  [6] . 

The  initial  intravenous  antimicrobial  therapy 
should  have  broad  coverage  and  adequate  tissue 
penetration  against  all  likely  pathogens.  Therapy 
should  be  given  within  the  first  hour  after  the  rec¬ 
ognition  of  sepsis  or  septic  shock.  Mortality 
increases  for  each  hour  that  the  patient  does  not 
receive  adequate  antimicrobial  therapy  while  the 
patient  is  hypotensive  [26].  Two  sets  of  blood 
cultures  along  with  cultures  from  other  potential 
sources  such  as  urine  or  sputum  should  be 
obtained  before  the  initiation  of  antimicrobials  if 
it  can  be  done  without  significant  delay.  With  the 
mortality  risk  associated  with  a  delay  in  therapy, 
the  initiation  of  empiric,  broad- spectrum  antimi¬ 
crobials  has  become  a  recommendation  within 
the  six  hour  window.  A  side-effect  of  this  practice 
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may  be  increased  antimicrobial  resistance  which 
can  potentially  result  in  a  prolonged  hospital  stay 
with  a  less  clear  effect  on  mortality  [4].  Daily 
assessment  is  important  for  potentially  de- 
escalating  or  modifying  therapy  [27,  28]. 

Ventilator  Management 

In  mechanically  ventilated  patients,  lung- 
protective  ventilation  is  recommended  in  patients 
with  severe  sepsis  or  septic  shock  regardless  of 
whether  or  not  the  patient  has  been  diagnosed 
with  acute  respiratory  distress  syndrome.  A  tidal 
volume  of  6  mL/kg  of  ideal  body  weight  should 
be  combined  with  a  goal  plateau  pressure  <30  cm 
H20  along  with  the  application  of  positive  end- 
expiratory  pressure  [6,  29,  30]. 

Glycemic  Control  and  Nutrition 

Glucose  control  in  the  critically  ill  patient  has 
evolved  significantly  over  the  years.  An  early 
study  showed  improved  outcomes  and  fewer 
complications  with  glucose  maintained  at 
approximately  80-108  mg/dL.  This  was  espe¬ 
cially  true  in  surgical  patients  [31].  The  NICE- 
SUGAR  trial  found  that  tight  glycemic  control 
was  associated  with  higher  90  day  mortality  [32]. 
The  higher  mortality  in  NICE- SUGAR  was 
accounted  for  by  septic  patients  and  therefore  a 
glucose  level  of  80-110  mg/dL  is  considered 
contraindicated  in  septic  patients  who  are  being 
resuscitated.  Current  guidelines  call  for  glucose 
monitoring  and  management  with  insulin  after  2 
consecutive  blood  glucose  values  are  more  than 
180  mg/dL.  The  goal  is  to  maintain  a  level  at 
180  mg/dL  or  less  without  a  lower  target  other 
than  hypoglycemia  [6]. 

There  is  little  evidence  of  benefit  to  starting 
full  enteral  or  parenteral  nutrition  early  in  the 
course  of  severe  sepsis.  Enteral  feeding  may  be 
initiated  after  the  initial  resuscitation,  if  tolerated. 
Parenteral  feeding  should  not  be  provided  within 
the  first  week  and  should  be  avoided  if  enteral 
feeding  is  possible.  There  is  an  association  with 
improved  outcomes  including  mortality  with 


hypocaloric  feeding  when  initiated  within  the 
first  week  [6,  33]. 


Evidence  Contour 

The  EGDT  bundle  has  remained  one  of  the  cor¬ 
nerstones  in  the  management  of  severe  sepsis  and 
septic  shock.  Subsequently,  multiple  studies  have 
analyzed  each  component  of  the  bundle  which 
has  resulted  in  an  evolution  of  practice.  Those 
changes  are  represented  in  the  most  recent 
Surviving  Sepsis  Campaign  guidelines. 

Early  Goal  Directed  Therapy  (EGDT) 

The  Protocolized  Care  for  Early  Septic  Shock 
(ProCESS)  trial  prospectively  randomized  1341 
patients  in  a  1:1:1  ratio  into  1  of  3  groups.  One 
group  was  a  protocol  based  EGDT  group  which 
followed  the  initial  study  protocols.  The  second 
group  was  a  protocol  based  therapy  that  required 
rapid  resuscitation  but  no  requirement  for  initial 
central  line  placement,  mixed  venous  oxygen 
saturation  (Sv02)  monitoring,  or  blood  transfu¬ 
sions  for  a  hematocrit  <30.  The  third  group  was  a 
“usual  care”  arm  in  which  care  was  directed  by 
the  bedside  clinician.  The  protocol-based  EGDT 
did  not  require  additional  organ  support  i.e.,  dial¬ 
ysis  or  mechanical  ventilation  or  demonstrate  any 
improvement  in  2-3  month  or  1  year  mortality 
compared  to  the  other  2  arms  [34].  Multiple 
multi-center  studies  resulted  in  similar  findings. 
The  ARISE  trial  randomized  1600  patients  into 
an  EGDT  and  a  usual  care  group.  The  EGDT 
group  did  not  reduce  all-cause  mortality  at  90 
days.  There  was  no  significant  difference  in  in- 
hospital  mortality,  duration  of  organ  support  or 
length  of  hospital  stay  [35].  1260  patients  were 
enrolled  in  the  ProMISe  trial.  630  patients  were 
assigned  to  the  EGDT  arm  and  630  were  assigned 
to  “usual  care”.  There  was  no  difference  in  all¬ 
cause  mortality  at  90  days  [36].  The  mortality 
associated  with  sepsis  from  all  arms  from  the  first 
2  trials  ranged  from  18.2  to  21  %  while  the  mor¬ 
tality  from  the  ProMISe  trial  was  29.5  %  in  the 
EGDT  group  and  29.2  %  in  the  usual  care  group. 
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In  all  likelihood  that  “standard”  care  for  sepsis 
has  improved  and  evolved  since  the  original  pub¬ 
lication  of  EGDT  [37].  A  retrospective,  observa¬ 
tional  review  of  >100,000  patients  with  severe 
sepsis  from  Australia  and  New  Zealand  from 
2000  to  2012  demonstrated  improved  mortality 
[38].  The  authors  attributed  part  of  the  improve¬ 
ment  on  overall  changes  in  ICU  practice.  The 
focus  on  sepsis  treatment  remains  with  early  fluid 
resuscitation,  timely  antibiotic  administration, 
and  appropriate  use  of  vasopressors  (Table  53.1). 


Corticosteroids 

The  use  of  corticosteroids  in  the  treatment  of 
sepsis  remains  controversial.  Early  studies  of 
short-course  high  dose  methylprednisolone 
showed  no  benefit  and  potentially  increased 
harm  with  frequent  adverse  effects.  Studies  uti¬ 
lizing  adrenocorticotropic  hormone,  stimulation 
testing,  and  identifying  subgroups  with  “relative 
adrenal  insufficiency”  have  yielded  conflicting 
results. 


Table  53.1  Guidelines  for  the  treatment  of  sepsis  and  septic  shock  from  the  Surviving  Sepsis  Campaign 


Element  of  Care 

Grade3 

Resuscitation 

Begin  goal-directed  resuscitation  during  first  6  h  after  recognition 

1C 

Begin  initial  fluid  resuscitation  with  crystalloid  and  consider  the  addition  of  albumin 

IB 

Consider  the  addition  of  albumin  when  substantial  amounts  of  crystalloid  are  required  to 
maintain  adequate  arterial  pressure 

2C 

Avoid  hetastarch  formulations 

1C 

Begin  initial  fluid  challenge  in  patients  with  tissue  hypoperfusion  and  suspected  hypovolemia, 
to  achieve  >30  ml  of  crystalloids  per  kilogram  of  body  weightb 

1C 

Continue  fluid-challenge  technique  as  long  as  there  is  hemodynamic  improvement 

UG 

Use  norepinephrine  as  the  first-choice  vasopressor  to  maintain  a  mean  arterial  pressure  of 
>65  mmHg 

IB 

Use  epinephrine  when  an  additional  agent  is  needed  to  maintain  adequate  blood  pressure 

2B 

Add  vasopressin  (at  a  dose  of  0.03  units/min)  with  weaning  of  norepinephrine,  if  tolerated 

UG 

Avoid  the  use  of  dopamine  except  in  carefully  selected  patients  (e.g.,  patients  with  a  low  risk 
of  arrhythmias  and  either  known  marked  left  ventricular  systolic  dysfunction  or  low  heart 
rate) 

2C 

Infuse  dobutamine  or  add  it  to  vasopressor  therapy  in  the  presence  of  myocardial  dysfunction 
(e.g.,  elevated  cardiac  filling  pressures  or  low  cardiac  output)  or  ongoing  hypoperfusion 
despite  adequate  intravascular  volume  and  mean  arterial  pressure 

1C 

Avoid  the  use  of  intravenous  hydrocortisone  if  adequate  fluid  resuscitation  and  vasopressor 
therapy  restore  hemodynamic  stability;  if  hydrocortisone  is  used,  administer  at  a  dose  of 

200  mg/day 

2C 

Target  a  hemoglobin  level  of  7-9  g/dl  in  patients  without  hypoperfusion,  critical  coronary 
artery  disease  or  myocardial  ischemia,  or  acute  hemorrhage 

IB 

Infection  Control 


Obtain  blood  cultures  before  antibiotic  therapy  is  administered 

1C 

Perform  imaging  studies  promptly  to  confirm  source  of  infection 

UG 

Administer  broad- spectrum  antibiotic  therapy  within  1  h  after  diagnosis  of  either  severe  sepsis 
or  septic  shock 

1B/1C 

Reassess  antibiotic  therapy  daily  for  de-escalation  when  appropriate 

IB 

Perform  source  control  with  attention  to  risks  and  benefits  of  the  chosen  method  within  12  h 
after  diagnosis 

1C 

Respiratory  Support 


Use  a  low  tidal  volume  and  limitation  of  inspiratory-plateau-pressure  strategy  for  ARDS 

1A/1B 

Apply  a  minimal  amount  of  positive  end-expiratory  pressure  in  ARDS 

IB 

(continued) 
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Table  53.1  (continued) 


Element  of  Care 

Grade3 

Administer  higher  rather  than  lower  positive  end-expiratory  pressure  for  patients  with 
sepsis-induced  ARDS 

2C 

Use  recruitment  maneuvers  in  patients  with  severe  refractory  hypoxemia  due  to  ARDS 

2C 

Use  prone  positioning  in  patients  with  sepsis-induced  ARDS  and  a  ratio  of  the  partial  pressure 
of  arterial  oxygen  (mm  Hg)  to  the  fraction  of  inspired  oxygen  of  <100,  in  facilities  that  have 
experience  with  such  practice 

2C 

Elevate  the  head  of  the  bed  in  patients  undergoing  mechanical  ventilation,  unless 
contraindicated 

IB 

Use  a  conservative  fluid  strategy  for  established  acute  lung  injury  or  ARDS  with  no  evidence 
of  tissue  hypoperfusion 

1C 

Use  weaning  protocols 

1A 

Central  Nervous  System  Support 


Use  sedation  protocols,  targeting  specific  dose-escalation  end  points 

IB 

Avoid  neuromuscular  blockers  if  possible  in  patients  without  ARDS 

1C 

Administer  a  short  course  of  a  neuromuscular  blocker  (<48  h)  for  patients  with  early,  severe 
ARDS 

2C 

General  Supportive  Care 


Use  a  protocol- specified  approach  to  blood  glucose  management,  with  the  initiation  of  insulin 
after  two  consecutive  blood  glucose  levels  of  >180  mg/dl  (10  mmol/1),  targeting  a  blood 
glucose  level  of  <180  mg/dl) 

1A 

Use  the  equivalent  of  continuous  veno venous  hemofiltration  or  intermittent  hemodialysis  as 
needed  for  renal  failure  or  fluid  overload 

2B 

Administer  prophylaxis  for  deep-vein  thrombosis 

IB 

Administer  stress-ulcer  prophylaxis  to  prevent  upper  gastrointestinal  bleeding 

IB 

Administer  oral  or  enteral  feedings,  as  tolerated,  rather  than  either  complete  fasting  or 
provision  of  only  intravenous  glucose  within  the  first  48  h  after  a  diagnosis  of  severe  sepsis  or 
septic  shock 

2C 

Address  goals  of  care,  including  treatment  plans  and  end-of-life  planning  as  appropriate 

IB 

Data  are  adapted  from  Dellinger  et  al.  [53].  ARDS  denotes  acute  respiratory  distress  syndrome  and  ICU  intensive  care 
unit 

From  Angus  and  van  der  Poll  [3].  Reprinted  with  permission  from  Massachusetts  Medical  Society 
Tor  all  grades,  the  number  indicates  the  strength  of  the  recommendation  (1,  recommended;  2,  suggested),  and  the 
letter  indicates  the  level  of  evidence,  from  high  (A)  to  low  (D),  with  UG  indicating  ungraded.  Recommendations  that 
are  specific  to  pediatric  severe  sepsis  include  therapy  with  face-mask  oxygen,  high-flow  nasal  cannula  oxygen,  or 
nasopharyngeal  continuous  positive  end-expiratory  pressure  in  the  presence  of  respiratory  distress  and  hypoxemia 
(2C);  use  of  physical  examination  therapeutic  end  points,  such  as  capillary  refill  (2C);  administration  of  a  bolus  of 
20  ml  of  crystalloids  (or  albumin  equivalent)  per  kilogram  of  body  weight  during  a  period  of  5-10  min  for  hypovole¬ 
mia  (2C);  increased  use  of  inotropes  and  vasodilators  in  septic  shock  with  low  cardiac  output  associated  with  elevated 
system  vascular  resistance  (2C);  and  use  of  hydrocortisone  only  in  children  with  suspected  or  proven  absolute  adrenal 
insufficiency  (2C) 

bThe  guidelines  recommend  completing  the  initial  fluid  resuscitation  within  3  h  (UG) 


The  CORTICUS  trial  evaluated  the  effects  of 
IV  hydrocortisone  vs  placebo  in  patients  with  sep¬ 
tic  shock.  There  was  no  28  day  mortality  benefit 
and  the  data  suggested  steroids  caused  new  epi¬ 
sodes  of  sepsis.  A  meta-analysis  from  2011  chal¬ 
lenged  the  assertion  that  steroid  use  in  severe 
sepsis  cause  new  cases  of  sepsis.  It  also  advocated 
using  adrenocorticotropin  hormone  (ACTH)  test 


to  help  guide  therapy.  Current  guidelines  recom¬ 
mend  against  stimulation  testing,  not  using  ste¬ 
roids  in  the  absence  of  shock,  advise  using 
intravenous  corticosteroids  for  patients  in  refrac¬ 
tory  shock  who  have  remained  hemodynamically 
unstable  even  after  adequate  fluid  resuscitation 
and  vasopressor  use,  and  tapering  steroids  when 
pressors  are  no  longer  required  [6,  30,  39,  40]. 
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SIRS  Criteria  in  Sepsis 

The  systemic  inflammatory  response  syndrome 
(SIRS)  was  a  component  of  the  definition  of  sep¬ 
sis  for  >20  years.  The  need  for  patients  to  meet  2 
SIRS  criteria  has  been  criticized  because  of  a  low 
specificity  for  infection  especially  in  patients 
admitted  less  than  24  h  to  the  ICU.  A  recent  study 
demonstrated  that  requiring  2  SIRS  criteria  in 
severe  sepsis  excluded  one  in  eight  otherwise 
similar  patients  with  infection,  organ  failure,  and 
substantial  mortality  [41].  Hence,  SIRS  lacks 
both  specificity  and  sensitivity  in  the  identifica¬ 
tion  of  septic  patients.  As  a  result  of  these  and 
other  considerations,  the  utilization  of  SIRS  cri¬ 
teria  has  been  removed  from  the  new  sepsis 
definitions. 

Blood  Pressure  Target  in  Septic  Shock 

Current  guidelines  recommend  a  target  MAP  of  at 
least  65  mmHg  during  resuscitation  of  patients  in 
septic  shock.  A  recent  multicenter  trial  sought  to 
determine  if  a  higher  blood  pressure  target  is  more 
effective.  388  patients  were  targeted  with  a  higher 
MAP  goal  (80-85  mmHg)  and  were  compared  to 
388  patients  in  a  low-target  group  (65-70  mmHg). 
The  study  revealed  no  difference  in  28  or  90  day 
mortality  between  the  two  groups  [42]. 

Fluid  Resuscitation  in  Septic  Shock 

Despite  current  mortality  rates  of  approximately 
40%,  dosing  intravenous  fluid  during  resuscita¬ 
tion  of  septic  shock  remains  largely  empirical. 
Too  little  fluid  may  result  in  tissue  hypoperfusion 
and  worsen  organ  dysfunction.  In  several  studies, 
a  positive  fluid  balance  was  associated  with 
increased  time  spent  on  mechanical  ventilation 
and  resulted  in  a  trend  toward  increased  mortality 
[43,  44].  A  retrospective  study  on  patients  from 
the  VASST  trial  attempted  to  quantify  the  ideal 
amount  of  fluids  to  be  given.  The  study  showed 
that  a  more  positive  fluid  balance  both  early  in 
resuscitation  and  cumulatively  over  4  days  is 
associated  with  an  increased  risk  of  mortality  in 


septic  shock.  Central  venous  pressure  may  be 
used  to  gauge  fluid  balanced  12  h  into  septic 
shock  but  becomes  an  unreliable  marker  of  fluid 
balance  thereafter.  Optimal  survival  in  the  VASST 
study  occurred  with  a  positive  fluid  balance  of 
approximately  3  L  at  12  h  [45].  Presently  the 
optimal  approach  to  fluid  management  in  sepsis 
patients  remains  unclear.  The  Surviving  Sepsis 
Campaign  recommendations  for  a  multi- variable 
assessment  reflects  an  attempt  to  approximate  the 
approach  undertaken  in  the  control  group  of  the 
ProCESS  trial  and  has  been  adopted  by  the 
Centers  for  Medicare  and  Medicaid  Services 
(CMS)  as  part  of  a  performance  measure  despite 
the  lack  of  prospective  clinical  validation  [46]. 

Bicarbonate  Infusion  in  Lactic 
Acidosis 

Sodium  bicarbonate  had  been  used  to  treat  meta¬ 
bolic  acidosis  in  order  to  correct  acidemia, 
improve  myocardial  contractility  and  cardiac  out¬ 
put,  and  to  increase  the  cardiovascular  response  to 
circulating  catecholamines.  Potential  adverse 
effects  include  hypercapnia  and  aggravation  of 
intracellular  acidosis,  hyperosmolality,  conges¬ 
tive  cardiac  failure,  and  ionized  hypocalcemia. 
One  study  infused  sodium  bicarbonate  in  fourteen 
patients  who  had  metabolic  acidosis  and  increased 
arterial  lactate.  Correction  of  acidemia  using 
sodium  bicarbonate  did  not  improve  hemodynam¬ 
ics  in  critically  ill  patients  who  have  metabolic 
acidosis  and  increased  blood  lactate  or  improve 
the  cardiovascular  response  to  infused  catechol¬ 
amines.  Sodium  bicarbonate  decreased  plasma 
ionized  calcium  and  increased  PaC02  [47] . 

Heart  Rate  Control  in  Septic  Shock 

p-B  locker  therapy  may  control  heart  rate  and 
attenuate  the  deleterious  effects  of  p-adrenergic 
receptor  stimulation  in  septic  shock.  One  study 
evaluated  patients  in  septic  shock  vs  a  control 
group  where  the  study  group  received  a  continu¬ 
ous  infusion  of  esmolol  titrated  to  maintain  heart 
rate  between  80/min  and  94/min  for  their  ICU 
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stay.  Target  heart  rate  was  achieved  in  the  study 
group.  The  study  group  also  had  lower  arterial 
lactate  concentrations,  decreased  norepinephrine 
and  fluid  requirements,  and  a  significantly  lower 
28  day  mortality  [48]. 

Sequella  After  Surviving  Severe 
Sepsis/Septic  Shock 

Odds  of  developing  cognitive  impairment  and 
physical  disability  were  increased  among  those 
who  survived  an  episode  of  severe  sepsis.  The 
new  cognitive  impairment  and  functional  disabil¬ 
ity  was  substantial  and  persistent  among  survi¬ 
vors.  The  magnitude  of  these  new  deficits  was 
large,  likely  resulting  in  a  pivotal  downturn  in 
patients'  ability  to  live  independently  [49].  One 
year  mortality  in  the  elderly  (>70  years  old)  has 
also  been  found  to  be  elevated  in  survivors  of 
severe  sepsis.  Predictors  were  severe  organ  fail¬ 
ure,  prior  functional  status,  and  Mini-Mental 
State  Examination  [50]. 

Various  initiatives  are  underway  in  an  effort  to 
improve  functional  outcome  after  surviving  sep¬ 
sis.  The  ABCDEF  bundle  is  a  coordinated  effort 
between  multiple  disciplines  for  the  management 
of  critically  ill  patients.  Implementation  of  the 
bundle  has  been  shown  to  improve  care  within 
the  ICU  [51].  The  bundle  involves: 

A:  Awakening  trials  for  ventilated  patients. 

B:  Spontaneous  breathing  trials. 

C:  Coordinated  effort  between  the  registered  nurse 
and  respiratory  therapist  to  perform  the  sponta¬ 
neous  breathing  trial  when  the  patient  is  awak¬ 
ened  by  reducing  or  stopping  the  patient’s 
sedation.  The  combination  of  sedation  and  anal¬ 
gesics  being  used  are  reviewed,  and  changes  or 
reductions  in  the  doses  are  considered. 

D:  A  standardized  delirium  assessment  program, 
including  treatment  and  prevention  options. 

E:  Early  mobilization  and  ambulation  of  critical 
care  patients. 

F :  Family  Engagement  and  Empowerment 

The  Society  of  Critical  Care  (SCCM) 
Liberation  Campaign  is  designed  to  decrease  the 


harmful  effects  of  pain,  agitation  and  delirium  in 
the  ICU  and  improve  patients’  long-term  out¬ 
comes.  The  recommendations  from  the  Pain, 
Agitation,  Delirium  (PAD)  guide  [52]  include: 

•  Integrating  multi-professional  approach  to 
managing  pain,  agitation/sedation,  and  delir¬ 
ium  to  achieve  significant,  synergistic  benefits 
to  improve  patient  outcomes. 

•  Utilizing  valid  and  reliable  bedside  assess¬ 
ment  tools  for  pain,  sedation,  and  delirium,  so 
as  to  target  appropriate  treatment  strategies. 

•  Decreasing  levels  of  sedation,  while  assuring 
adequate  pain  control  and  delirium  manage¬ 
ment,  to  allow  patients  active  participation  in 
ventilator  weaning  trials  along  with  early 
mobility  activities. 

•  Instituting  prevention  strategies  in  the  ICU  to 
avoid  complications  and  improve  clinical 
outcomes. 
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Case  Presentation 

The  patient  is  a  71  year  old  male  with  COPD, 
Gold  Class  IV,  and  bronchiectasis  who  resides  in 
the  Rocky  Mountain  region  of  the  United  States. 
He  required  oxygen  therapy  at  4  L/min  continu¬ 
ously  and  was  using  tiotropium  and  inhaled  cor¬ 
ticosteroids.  His  lung  disease  had  been  stable 
and  without  exacerbation  for  1  year.  In  the  month 
of  January,  the  patient  developed  increased 
cough  and  shortness  of  breath,  and  required  hos¬ 
pitalization  for  an  exacerbation  at  on  outside 
hospital.  Evaluation  included  routine  laboratory 
studies,  sputum  gram  stain  and  culture,  chest 
radiograph  and  chest  CT  angiogram.  Testing  was 
unremarkable  except  for  radiographic  imaging 
consistent  with  COPD/emphysema.  The  patient 
was  treated  with  empiric  antibiotics  for  commu¬ 
nity  acquired  organisms  and  a  burst  and  tapering 
dose  of  corticosteroids.  Patient  was  discharged 
from  the  hospital  after  4  days.  Over  the  next  5 
months,  the  patient  was  hospitalized  twice  for 
recurrent  COPD  exacerbations.  On  each  hospi¬ 
talization,  the  patient  was  treated  similarly. 
During  his  last  hospitalization,  patient  was  noted 
to  have  bilateral  lower  lobe  infiltrates.  Following 
his  last  hospitalization,  the  patient  was  admitted 
to  a  rehabilitation  facility  for  severe  decondition- 
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ing.  He  was  also  treated  with  a  2- week  course  of 
levofloxacin  and  another  tapering  dose  of  corti¬ 
costeroids.  The  patient  returned  to  his  baseline 
level  of  function  except  for  an  increased  oxygen 
requirement  of  6  L/min.  One  month  after  return¬ 
ing  home,  the  patient  developed  worsening  dys¬ 
pnea,  cough  and  fever.  He  was  evaluated  by  his 
pulmonologist  for  his  complaints.  Evaluation 
included  CBC,  IgE,  sputum  collection,  spirome¬ 
try  and  Chest  CT.  Patient  was  found  to  have  a 
WBC  16,000,  no  eosinophilia,  a  20%  decline  in 
FEV 1  (0.8  L)  and  sputum  culture  was  unremark¬ 
able  for  bacterial  or  fungal  organisms.  CT 
revealed  progressive  bilateral  infiltrates 
(Figs.  54.1,54.2  and  54.3). 

Question  What  are  the  differential  diagnoses, 
diagnostic  approach  and  treatment  of  this 
patient’s  symptoms  and  progressive  radiographic 
changes? 

Answer  The  differential  diagnosis  of  this 
patient’s  progressive  pulmonary  infiltrates  is 
broad  and  includes  both  infectious  and  non- 
infectious  etiologies. 

Non-infectious  etiologies  include  bronchiol¬ 
itis  obliterans  with  organizing  pneumonia 
(BOOP),  malignancy  (although  the  time  course 
is  somewhat  rapid),  drug-induced  lung  disease, 
alveolar  hemorrhage,  atypical  cardiogenic 
edema  and  recurrent  aspiration  bronchiolitis  and 
pneumonitis.  Notable,  however,  is  the  absence  of 
historical  or  clinical  features  suggestive  of  these 
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Fig.  54.1  Multiple  peribronchovascular  opacities  with 
spiculated  consolidative  peripheral  opacity  in  left  upper 
lobe 


Fig.  54.3  Cavitary  foci  within  the  consolidative  opacity. 
Moderate  centrilobular  and  panlobular  emphysema  with  a 
5.8  cm  bulla  in  right  middle  lobe 


Fig.  54.2  Patchy  peribronchovascular  opacities  present 
in  both  lungs 

entities.  Also  noteworthy  is  his  combined  dura¬ 
tion  of  moderate  to  high  dose  corticosteroid 
therapy. 

Infectious  differential  diagnoses  include 
recurrent  bacterial  pneumonia  potentially  in  the 
setting  of  noted  bronchiectasis.  Infectious  aspira¬ 
tion  bronchiolitis  and  pneumonitis,  and  viral 
infection  would  be  less  likely.  Fungal  pathogens 
include  Pneumocystis  jirovecii  and  other  fungal 
organisms.  He  had  no  recent  history  of  travel  to 
endemic  areas  of  fungal  infections. 


Due  to  the  severity  of  his  underlying  lung  dis¬ 
ease/emphysema,  degree  of  hypoxemia  as  well  as 
the  aforementioned  diagnostic  considerations, 
and  the  potential  low  yield  for  bronchoscopy  and 
associated  risk  for  hypoxia  with  transbronchial 
biopsy,  the  patient  was  referred  for  video-assisted 
thoracoscopic  biopsy  (VATS).  The  patient  under¬ 
went  a  left  sided  VATS  with  specimens  obtained 
from  the  left  upper  lobe,  lingua  and  lower  lobe 
segments. 

The  pathology  was  notable  for  readily  identi¬ 
fied  fungal  organism  with  acute  angle  branching, 
septated  hyphae  morphologically  consistent  with 
Aspergillus,  marked  acute  and  chronic  intraalve- 
olar  hemorrhage,  associated  bronchiolitis 
obliterans-organizing  pneumonia,  necrotizing 
granulomas  centered  along  bronchovascular 
structures  suggestive  of  invasive  pulmonary 
aspergillosis  (IPA),  angioinvasive  aspergillosis, 
and  a  component  of  chronic  pulmonary  necrotiz¬ 
ing  aspergillosis. 

Principles  of  Management 
Diagnostic  Approach 

Aspergillus  is  a  fungus  that  is  ubiquitous  in  nature 
and  inhalation  of  spores  are  common.  In  healthy 
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hosts,  spores  are  eliminated  by  immune  defenses 
and  mucociliary  clearance  mechanisms  of  the 
lung.  Germination  is  the  conversion  of  spores  to 
hypal  elements,  which  branch  at  a  45 -degree 
angle.  There  are  over  200  species  of  Aspergillus; 
however,  the  most  common  species  that  cause  ill¬ 
ness  in  descending  order  are  A.  fumigatus,  A.  fla- 
vus,  A.  niger  and  A.  terreus  [1,  2].  Aspergillus 
infection  is  primarily  the  result  of  impaired  air¬ 
way  clearance  from  a  compromised  immune  sys¬ 
tem  or  chronic  lung  disease.  Aspergillosis  illness 
can  be  due  to  allergy,  (Allergic  Bronchopulmonary 
Aspergillosis),  airway  or  lung  invasion 
(Aspergillus  Tracheobronchitis  or  Invasive 
Pulmonary  Aspergillosis  (IPA  or  Chronic 
Pulmonary  Aspergillosis),  a  cutaneous  infection 
or  extra-pulmonary  dissemination,  including 
CNS  involvement  [3]. 

The  diagnosis  of  IPA  can  be  challenging,  as 
patients  may  initially  be  asymptomatic.  Criteria 
for  the  diagnosis  of  invasive  fungal  disease  were 
initially  formulated  in  2002  and  updated  in  2008 
[4] .  Definitions  for  proven,  probable  and  possible 
IPA  for  the  susceptible  populations  have  been 
stated.  The  population  at  risk  can  be  broken  down 
into  classic  risk  factors  and  newer  identified  risk 
factors  [5-8]. 

Risk  Factors  for  Invasive 
Aspergillosis 

Classic  Risk  Factors 

•  Severe  and  prolonged  neutropenia 

•  Allogeneic  stem  cell  transplant  recipients 

•  Severe  Graft  Versus  Host  Disease 

•  Systemic  corticosteroid  use  for  greater  than  3 
weeks 

•  Conditions  or  drugs  that  cause  chronic  impaired 
cellular  immune  response  such  as  patients  with 
autoimmune  disease,  anti-rejection  medication 

Newer  Risk  Factors 

•  Critical  illness 

•  Solid  organ  transplant  recipients 


•  Chronic  Obstructive  Pulmonary  Disease, 

including  patients  on  inhaled  corticosteroids 

•  End  stage  Liver  Disease/ Alcoholic  Hepatitis 

•  HIV  infection 

•  Diabetes 

In  a  retrospective  multicenter  study  of  1209 
patients  selected  with  culture  positivity  for 
Aspergillus,  12%  had  evidence  of  disease  [1]. 
Patients  with  hematologic  malignancy  or  trans¬ 
plants  accounted  for  the  majority  of  cases;  mal¬ 
nutrition  (27  %),  corticosteroid  use  (20%),  HIV 
infection  (19%),  diabetes  mellitus  (11%)  and 
chronic  obstructive  pulmonary  disease  (9%) 
were  associated  with  evidence  of  invasive  infec¬ 
tion.  In  a  single-center  retrospective  study  of 
239  patients  hospitalized  with  COPD  who  had 
Aspergillus  isolated  from  the  lower  respiratory 
tract,  22%  had  probable  invasive  aspergillosis 
[7].  Inhaled  corticosteroids  may  increase  the 
risk  of  invasive  aspergillosis  in  patients  with 
COPD  [9,  10]. 

Clinical  presentation  of  IPA  can  be  nonspe¬ 
cific,  with  patients  developing  fever,  chest  pain, 
dyspnea,  cough  and/or  hemoptysis.  A  classic 
triad  described  in  patients  with  neutropenia  is 
fever,  pleuritic  chest  pain  and  hemoptysis  [11]. 
Absence  of  the  triad  should  not  exclude  patients 
from  the  possibility  of  IPA  in  patients  with  risk 
factors  for  the  disease. 

Chest  CT  radiograph  is  more  sensitive  than 
plain  chest  radiographic  imaging.  HRCT  is  rec¬ 
ommended  in  all  cases  of  suspected  IPA  [4,  12]. 
Findings  on  HRCT  indicative  of  invasive  pulmo¬ 
nary  disease  include  macronodules  with  or  with¬ 
out  a  surrounding  “halo”  of  ground  glass  changes, 
air-crescent  sign,  cavitary  lesions,  and  areas  of 
consolidation.  A  retrospective  study  of  chest 
imaging  in  235  patients  with  invasive  aspergillo¬ 
sis  demonstrated  one  or  more  macronodules 
(94%),  halo  sign  (61%),  consolidation  (30%), 
infarct  shaped  nodules  (27  %),  cavitary  lesions 
(20%)  and  air-crescent  signs  (10%)  [13]. 

Diagnosis  is  based  on  both  isolating  the  organ¬ 
ism  or  markers  of  the  organism  and  the  probabil¬ 
ity  that  it  the  cause  of  the  disease. 

Culture  of  the  organism  in  combination  with 
evidence  of  tissue  invasion  on  histopathology  or 
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culture  from  a  normally  sterile  site  provides  the 
most  certain  evidence  of  IPA.  Tissue  biopsy  with 
histopathologic  demonstration  of  tissue  invasion 
by  fungal  hyphae  is  considered  the  “gold  stan¬ 
dard”  [14]. 

Laboratory  testing  that  can  aid  in  the  diagnosis 
of  invasive  infection  includes  enzyme  immunoas¬ 
says  that  detect  galactomannan,  a  polysaccharide 
in  the  Aspergillus  cell  wall  in  serum  or  bronchoal- 
veolar  fluid.  False-positive  galactomannan  tests 
have  been  reported  in  patients  receiving  pipercil- 
lin/tazobactam  antibiotics. 

Testing  serum  for  an  additional  antigen,  1,  3 
Beta-D  glucan,  is  not  specific  for  aspergillus, 
since  the  antigen  is  present  in  other  fungi  [6,  12]. 

Investigative  studies  looking  for  DNA  evi¬ 
dence  by  PCR  has  shown  mixed  results. 

Bronchoscopy  is  routinely  performed  in  sus¬ 
pected  cases  of  IPA.  However,  bronchoscopy  has 
several  limitations,  including  sampling  error  due 
to  patchy  involvement  in  the  lung,  and  the  poten¬ 
tial  risk  in  this  patient  population  that  may  be 
coagulopathic  or  thrombocytopenic. 

Therapy 

The  Infectious  Diseases  Society  of  America 
(ISDA)  released  guidelines  for  the  treatment  of 
invasive  aspergillus  in  2008  and  The  American 
Thoracic  Society  (ATS)  published  guidelines  in 
2011  for  the  treatment  of  fungal  infections  [4,  15, 
16].  When  invasive  disease  is  suspected  or  docu¬ 
mented,  early  aggressive  anti-fungal  treatment  is 
essential.  Therapy  is  often  prolonged  from 
months  to  more  than  a  year,  with  duration  of  ther¬ 
apy  dependent  upon  the  patient’s  location  of 
infection,  underlying  disease,  and  response  to 
therapy,  which  includes  assessment  of  clinical 
and  radiographic  resolution,  improvement  in 
immune  function  and  microbiologic  clearance. 

Antifungal  Therapy 

Three  classes  of  antifungal  agents  are  used  for 
the  treatment  of  aspergillus:  polyenes,  azoles  and 
echinocandins.  Choice  of  therapy  may  be  depen¬ 
dent  upon  the  patient’s  organ  function,  immune 
status  and  prior  therapies. 


Treatment  can  be  divided  into  initial  therapy 
or  salvage  therapy.  At  present,  monotherapy  is 
recommended. 

Monotherapy 

Triazoles  These  antifungal  agents  include  vori¬ 
conazole,  posaconazole,  itraconazole  and 
fluconazole. 

•  Voriconazole  has  emerged  as  standard  therapy 
for  the  treatment  of  invasive  aspergillus.  An 
international,  multicenter  randomized  open- 
label  trial  involving  277  patients  with  con¬ 
firmed  or  probable  invasive  aspergillus 
compared  voriconazole  with  amphotericin  B 
deoxycholate  as  initial  therapy  [17].  The 
majority  of  patients  had  hematologic  malig¬ 
nancy  and  many  had  undergone  hematopoietic 
stem  cell  transplant.  At  12  weeks,  53%  of 
those  patients  treated  with  voriconazole  com¬ 
pared  to  32%  treated  with  Amphotericin  B 
had  a  greater  likelihood  of  complete  or  partial 
response,  a  lower  mortality  rate  (29%  vs. 
42%),  a  lower  rate  of  adverse  reactions  and 
less  likelihood  of  requiring  a  change  in  ther¬ 
apy  due  to  intolerance  or  poor  response  (36  % 
vs.  80%).  The  efficacy  of  voriconazole  com¬ 
pared  with  lipid  formations  of  Amphotericin 
B  is  unknown  since  there  are  no  available 
studies  of  comparison. 

Voriconazole  may  also  be  used  in  those 
patients  with  CNS  disease.  Despite  a  mortality 
rate,  which  has  previously  approached  100%, 
in  one  retrospective  study,  3 1  %  of  patients 
who  were  treated  with  voriconazole  survived 
for  a  median  observation  of  390  days.  The  vast 
majority  of  the  patients  had  received  other 
antifungal  therapy  other  than  voriconazole  for 
a  median  of  3 1  days  prior  to  changing  to  vori¬ 
conazole  [18]. 

The  primary  treatment  dose  for  voriconazole  is 
IV  (6  mg/kg  every  12  h  for  1  day  the  4  mg/kg 
every  12  h)  until  improvement.  Therapy  is  then 
changed  to  oral  voriconazole  (200  mg  every  12 
h)  or  intraconazole  (400-600  mg/day)  until 
resolution  or  stabilization  of  disease. 
Monitoring  for  liver  toxicity  and  potential 
drug  interactions  is  imperative  as  the  azoles 
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interact  with  the  human  P450  cytochrome  sys¬ 
tem  [19].  Potential  side  effects  from  voricon¬ 
azole  include  visual  changes  and 
hallucinations.  All  of  the  azoles  have  the  abil¬ 
ity  to  prolong  the  QTc  and  should  be  moni¬ 
tored.  Azoles  are  class  C  drugs  and  are 
contraindicated  during  pregnancy.  In  contrast, 
amphotericin  B  is  rated  class  B  for  pregnancy 
and  is  preferred  during  severe  infection  [20] . 

•  Posaconazole  is  a  broad- spectrum  triazole  that 
is  highly  effective  against  Aspergillus  species 
in  vitro  [21].  The  drug  was  initially  approved 
by  the  FDA  for  prophylaxis  of  fungal  infec¬ 
tion  in  neutropenic  patients  and  treatment  for 
mucocutaneous  candidiasis.  In  2013  the  FDA 
approved  the  delayed  release  tablet  for  pro¬ 
phylaxis  of  invasive  aspergillus  in  patients  at 
high  risk.  The  intravenous  form  was  approved 
in  2014.  Posaconazole  may  be  an  effective 
agent  but  additional  studies  are  needed  before 
recommendations  can  be  given  for  initial  ther¬ 
apy.  Side  effects  of  posaconazole  include  gas¬ 
trointestinal  tract  disturbance. 

•  Itraconazole  is  considered  second  line  therapy 
for  aspergillus.  Oral  therapy  has  been  used  in 
patients  with  mild  immunosuppression  and 
non-life  threatening  aspergillus  infection  [22] . 

Polyenes  This  class  of  medication  is  effective 
against  invasive  aspergillus,  and  includes  ampho¬ 
tericin  B  deoxycholate  and  lipid  formulations. 
The  lipid  formulations  have  an  advantage  over 
deoxycholate  due  to  their  reduction  in  renal  tox¬ 
icity,  and  allow  for  the  administration  of  larger 
doses  of  drug  with  fewer  toxicities.  A  random¬ 
ized  trial  of  201  patients  with  confirmed  aspergil¬ 
lus  compared  the  efficacy  with  high  dose  (10  mg/ 
kg/day)  vs.  low  dose  (3  mg/kg/day)  [23].  Patients 
receiving  the  high  dose  had  a  higher  rate  of  renal 
toxicity  without  any  additional  clinical  benefit.  A 
dose  of  3-5  mg/kg  IV  once  daily  of  liposomal 
amphotericin  B  is  recommended. 

Echinocandins  The  echinocandin  class  includes 
caspofungin,  micafungin  and  anidulafungin.  This 
class  disrupts  the  fungal  cell  walls  by  inhibiting 
1,  3  Beta-D  glucan  synthase  enzymes  located  in 
the  plasma  membrane. 


•  Caspofungin  is  used  to  treat  invasive  apsergil- 
lus  in  patients  who  are  intolerant  to  other  treat¬ 
ment  or  as  salvage  therapy  [24].  The  dose  of 
caspofungin  is  70  mg  IV  on  day  1  followed  by 
50  mg  IV  daily.  The  echinocandins  are  well 
tolerated  with  a  modest  elevation  in  liver  func¬ 
tion  enzymes  that  are  generally  asymptomatic. 
The  FDA  has  not  approved  micafungin  or 
anidulafungin,  but  these  agents  also  have  activ¬ 
ity  against  Aspergillus  species  and  these  three 
agents  are  felt  to  have  equivalent  efficacy. 

Combination  Therapy 

As  each  individual  antifungal  medication  has  its 
limitations  and  potential  side  effects,  combina¬ 
tion  therapy  for  initial  therapy  and  salvage  treat¬ 
ment  in  experimental  models  has  suggested 
benefit.  A  large  randomized  trial  assessed  the 
safety  and  efficacy  of  voriconazole  with  or  with¬ 
out  anidulafungin  for  treatment  in  invasive  asper¬ 
gillosis  in  patients  with  hematologic  malignancies 
[25].  Results  showed  a  trend  toward  improved  6 
week  survival  in  the  combination  therapy.  Based 
on  the  observed  trend,  some  investigators  favor 
the  use  of  a  combination  regimen  in  confirmed 
invasive  aspergillosis.  In  salvage  therapy  in 
patients  who  do  not  respond  to  monotherapy,  a 
combination  regimen  is  also  suggested. 

Antifungal  Resistance 

Some  species  of  Aspergillus  are  known  to  have  vari¬ 
able  susceptibilities  to  antifungal  agents.  The  clini¬ 
cal  significance  of  this  relative  resistance  is  poorly 
defined.  Isolates  of  A.  fumigatus  have  been  reported 
to  exhibit  relative  cross-resistance  to  multiple  azoles 
and  the  prevalence  of  such  resistance  may  be 
increasing.  In  patients  failing  azole  monotherapy, 
possible  resistance  should  be  considered  [26-28]. 


Evidence  Contour 

In  addition  to  antifungal  therapy,  other  modalities 
need  to  be  considered  in  treatment  of  invasive 
aspergillus.  Reversal  of  immunosuppression 
when  feasible  is  important.  The  worst  outcomes 
occur  in  patients  with  persistent  and  severe 
immune  dysfunction  and  in  those  with  organ 


476 


E.K.  Schwartz 


impairment.  The  importance  of  immunosuppres¬ 
sion  on  outcome  is  noted  in  an  international  mul¬ 
ticenter  retrospective  series  of  525  patients  with 
invasive  aspergillosis.  Complete  or  partial 
responses  to  treatment  occurred  in  28%  fewer 
patients  with  severe  immunosuppression  com¬ 
pared  to  5 1  %  of  patients  with  less  severe  immu¬ 
nosuppression.  Reduction  in  and  withdrawal  of 
corticosteroids  should  also  be  attempted. 

Granulocyte  colony-stimulating  factor  (G-CSF) 
shortens  the  period  of  neutropenia  after  chemo¬ 
therapy,  a  leads  to  fewer  documented  infections 
and  antibiotic  days.  However  there  is  no  clinical 
data  to  support  improved  antifungal  killing  capac¬ 
ity  in  patients  with  IPA  treated  with  G-CSF.  In 
addition,  the  increased  immune  response  during 
therapy  may  lead  to  pro-inflammatory  tissue  injury 
and  potential  worsening  of  disease.  Thus,  the  use 
of  G-CSF  in  the  treatment  of  invasive  aspergillosis 
needs  to  be  on  an  individualized  basis. 

Surgical  intervention  is  also  a  potential  ther¬ 
apy.  In  the  IDSA  guidelines  for  patients  at  low 
surgical  risk,  surgical  resection  can  offer  a  per¬ 
manent  cure  in  patients  with  better  lung  function 
and  localized  pulmonary  disease.  The  decision  to 
proceed  with  surgery  depends  on  many  factors 
including  the  location  and  extent  of  disease, 
comorbidities,  the  ability  of  the  patient  to  tolerate 
surgery  and  the  overall  goals  of  therapy  (cure  vs. 
palliation)  [25].  Surgery  may  be  helpful  in  the 
setting  of  a  large  amount  of  necrosis,  which  can 
limit  antifungal  penetration  or  if  there  is  an  immi¬ 
nent  threat  to  vessels  [  16] .  In  one  series  in  patients 
with  rhinosinusitis  from  Aspergillus,  surgical 
debridement  was  useful  when  used  as  an  adjunct 
to  antifungal  therapy  [29].  In  another  small  series, 
there  was  mortality  benefit  with  combination 
therapy  of  surgery  and  antifungal  treatment  in 
patients  with  CNS  lesions  [18].  In  general  most 
patients  do  not  require  surgical  intervention. 
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Case  Presentation 

An  85  year  old  male  with  a  history  of  asthma, 
hypothyroidism,  steroid-induced  diabetes  melli- 
tus,  and  osteopenia  presented  with  worsening 
shortness  of  breath  shortly  after  stopping  a  pred¬ 
nisone  taper.  Over  the  year  prior  to  admission,  he 
had  experienced  seven  asthma  exacerbations, 
including  one  requiring  intubation.  He  had 
become  quite  debilitated  over  this  time  period, 
relying  on  his  daughters  to  care  for  him.  Despite 
this  support,  his  medication  compliance  was 
intermittent.  He  lived  in  Michigan  with  his 
daughters,  had  worked  37  years  as  an  auto 
mechanic,  and  grew  up  on  a  farm  in  Tennessee. 
He  had  previously  owned  a  cat,  but  gave  the  ani¬ 
mal  up  because  of  his  repeated  asthma  exacerba¬ 
tions.  At  the  time  of  presentation  to  the  hospital, 
the  patient  had  inspiratory  and  expiratory  wheez¬ 
ing  and  increased  work  of  breathing,  though  he 
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was  saturating  97  %  on  room  air  by  pulse  oxime¬ 
try.  An  arterial  blood  gas  showed  respiratory 
alkalosis:  pH  7.49,  pC02  21  mmHg,  p02 
74  mmHg,  with  measured  bicarbonate  of 
21  mmol/L.  Complete  blood  count  showed 
12.7  g/dl  hemoglobin  and  9.3  K/cmm  WBCs, 
with  48%  neutrophils,  15%  lymphocytes,  and 
29  %  eosinophils  on  differential.  The  patient  was 
treated  with  steroids  and  bronchodilators,  with 
initial  improvement. 

However,  after  2  days,  the  patient  developed 
fevers,  labored  work  of  breathing,  and  progres¬ 
sively  altered  mental  status.  He  was  transferred 
to  the  ICU  for  monitoring  and  intermittent  non- 
invasive  positive  pressure  ventilation.  Broad- 
spectrum  antibiotic  coverage  was  initiated  with 
vancomycin  and  piperacillin/tazobactam;  blood 
and  sputum  cultures  were  sent.  The  patient 
developed  a  rash  which  was  suspected  to  be  an 
allergic  drug  reaction,  so  piperacillin/tazobac¬ 
tam  was  changed  to  aztreonam  and  metronida¬ 
zole.  A  CT  of  the  chest  obtained  on  ICU  day  2 
showed  scattered  areas  of  mucus  plugging,  but 
no  focal  consolidation.  However,  the  CT  did 
show  a  dilated  esophagus  with  an  air-fluid  level 
and  calcifications  along  the  posterior  wall 
(Fig.  55.1). 

Blood  and  sputum  cultures  from  ICU  day  3 
grew  Enterobacter  aerogenes ,  sensitive  to  aztre¬ 
onam  and  piperacillin/tazobactam.  A  gastric 
emptying  study  showed  significantly  slowed 
motility.  The  patient  did  not  tolerate  enteral 
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feedings  even  with  post-pyloric  administration, 
and  peripheral  parenteral  nutrition  was  started 
on  ICU  day  1 1 .  A  CT  of  the  abdomen  and  pelvis 
was  obtained,  which  showed  colonic  distention 
and  retained  barium  throughout  the  large  and 
small  intestine  from  the  esophagram  3  days 
prior.  The  patient  became  progressively  more 
somnolent,  and  developed  profound  hyponatre¬ 
mia.  Follow  up  chest  radiology  on  ICU  day  14 
was  significant  for  development  of  bilateral  infil¬ 
trates.  An  IgE  level  was  obtained,  which  was 
3280  IU/mL  (Fig.  55.2). 


* 


•* 


Fig.  55.3  Strongyloides  larvae  in  sputum  gram  stain 


Fig.  55.1  Dilated  esophagus  with  air-fluid  level  on  chest  CT 


Question  What  is  the  diagnosis? 

Answer  Strongyloides  hyperinfection  with  ileus 

Strongyloides  serologies,  stool  ova  and  para¬ 
sites,  and  sputum  cytology  and  smear  on  LPO 
agar  were  sent.  Sputum  cytology  showed  the  fol¬ 
lowing  (Fig.  55.3): 

Strongyloides  IgG  was  high  at  3.87  IV  (>1.0 
positive).  Larvae  were  also  seen  in  the  fecal 
exam.  The  diagnosis  of  strongyloides  hyperinfec¬ 
tion  was  made,  and  the  patient  was  started  on 
enteral  ivermectin  therapy.  Subsequently,  the 
patient  became  more  obtunded.  A  decision  was 
made  by  the  family  for  comfort  care,  and  the 
patient  died  shortly  thereafter.  Autopsy  showed 
diffuse  infiltration  of  larvae  in  the  lungs,  wall  of 
the  intestines  and  liver,  as  well  as  in  the  cortex 
and  basal  ganglia  of  the  brain  (Fig.  55.4).  The 
identification  of  larvae  in  the  brain  on  autopsy 
ultimately  defined  this  case  as  disseminated 
strongyloides  infection. 


Principles  of  Management 

The  most  important  aspect  of  management 
includes  high  index  of  suspicion  in  at  risk  patient 
populations  and  recognition  of  the  clinical  signs 
and  symptoms  of  infection,  in  order  to  institute 
early  treatment. 


Fig.  55.2  Bilateral  infiltrates  on  chest  radiograph 


55  Management  of  Strongyloides  Hyperinfection  Syndrome 


481 


Fig.  55.4  Autopsy  findings  confirming  disseminated 
strongyloidiasis,  (a)  Adult  worm  (arrow)  in  the  lung  with 
foreign  body  giant  cell  reaction  and  marked  inflammation, 
(b)  Adult  worm  form  (arrow)  with  a  multinucleated  giant 


cell  and  background  of  lymphocytes  and  eosinophils  in 
wall  of  the  large  intestine,  (c)  Calcified  larvae  in  the  basal 
ganglia 


Epidemiology 

Strongyloides  stercoralis  is  a  parasitic  nematode 
that  is  endemic  in  the  tropical  and  subtropical  cli¬ 
mates  of  Southeast  Asia,  sub- Sahara  Africa,  and 
parts  of  Central  and  South  America  [1].  In  the 
United  States,  the  highest  incidences  of  infection 
are  in  the  Southeastern  Appalachian  states  of 
Kentucky,  Tennessee,  and  Louisiana;  farming 
and  mining  confer  additional  risk  [2].  With 
improved  sanitation  in  these  areas  and  increased 
globalization,  new  infections  are  most  frequently 
seen  in  immigrants  or  travelers  returning  from 
endemic  countries.  It  is  especially  important  to 
consider  those  with  impaired  immune  defense  - 
steroid  exposure,  immunosuppression,  solid 


organ  transplant,  hematologic  malignancies,  and 
infection  with  HTLV-1  -  as  possible  hosts  for 
disseminated  infection  and  hyperinfection. 
Screening  is  now  recommended  for  patients 
undergoing  transplant  evaluation  [3]. 

Life  Cycle 

The  nematode  is  contracted  by  skin  exposure  to 
soils  contaminated  with  larvae.  A  complex  life 
cycle  starts  with  hematogenous  migration  of  the 
infective  filariform  larvae  to  the  alveolar  space  of 
the  lungs.  The  larvae  are  then  coughed  up  and 
swallowed  into  the  gut,  where  they  mature  into 
adult  worms  that  penetrate  and  live  within  the 
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small  intestinal  mucosa.  Here,  females  produce 
eggs,  which  hatch  a  non-infective,  rhabditiform 
larva  that  is  shed  in  the  stool  and  can  molt  into 
infective  filariform  larvae  or  adults  in  humid  soils 
[4].  The  typical  life  cycle  takes  3-4  weeks  from 
time  of  infection  to  time  of  appearance  of  larvae 
in  the  stool. 

Alternatively,  the  non-infective  rhabditiform 
larvae  can  mature  to  the  infective  filariform  lar¬ 
vae  within  the  gut  in  an  autoinfective  life  cycle. 
These  filarial  larvae  then  burrow  through  the 
colonic  or  perianal  mucosa,  and  restart  the  typi¬ 
cal  life  cycle  as  above.  Autoinfection  can  occur  at 
low  levels  with  minimal  symptoms  in  some  hosts. 
This  autoinfection  cycle  allows  Strongyloides  to 
be  uniquely  capable  of  persisting  within  an 
infected  host  for  decades  without  subsequent 
environmental  exposures,  especially  in  cases  of 
asymptomatic  chronic  infections  [4,  5]. 

Disseminated  Infection 
and  Hyperinfection 

Decreased  cell  mediated  immunity  such  as  ste¬ 
roid  use  and  HTLV-1  infection  increase  the  pro¬ 
pensity  for  autoinfection  [6].  Accelerated 
autoinfection  leads  to  severe  strongyloidiasis, 
with  hyperinfection  and  disseminated  infection. 
Both  entities  can  carry  mortality  rates  of  up  to 
60-70%  despite  appropriate  treatment  [6].  In 
hyperinfection  syndromes,  increased  worm  bur¬ 
den  along  the  typical  life-cycle  leads  to  nausea, 
vomiting,  diarrhea,  pulmonary  infiltrates  and 
dyspnea,  and  can  eventually  lead  to  ileus,  bowel 
obstruction,  and  GI  bleeding,  as  well  as  pulmo¬ 
nary  infection  and  respiratory  failure  [6]. 
Pulmonary  symptoms  are  more  common  in  those 
with  prior  lung  disease,  and  may  even  progress  to 
inflammatory  pneumonitis,  bronchitis,  pneumo¬ 
nia,  or  pulmonary  hemorrhage  [7].  Disseminated 
infection  is  defined  as  larval  presence  in  organs 
not  part  of  the  typical  parasitic  life  cycle  (skin,  GI 
tract,  lungs)  [6].  Hyperinfection  and  dissemi¬ 
nated  infection  are  often  accompanied  by  bacte¬ 
rial  infections  involving  enteric  pathogens.  This 
occurs  as  the  migrating  worms  transport  these 
bacteria  from  the  gut  flora,  or  through  seeding  of 
the  blood  stream  via  mucosal  ulceration  [4] . 


Diagnosis 

Infected  patients  with  intact  immune  response 
can  have  asymptomatic  peripheral  eosinophilia 
or  mild  symptoms  at  the  typical  sites  of  parasite 
habitat  within  the  host.  Acutely  infected  patients 
can  initially  have  localized  rash  or  pruritus  at 
site  of  filariform  larvae  entry,  followed  by  pul¬ 
monary  symptoms  of  cough,  wheezing,  or  dys¬ 
pnea  days  later  when  larvae  spread  to  the  lungs 
[7].  Diarrhea  and  abdominal  pain  follow  weeks 
after,  when  nematodes  infect  the  intestinal 
mucosa.  In  chronic  infection,  pulmonary  symp¬ 
toms  corresponding  to  larval  migration  through 
the  lungs  can  mimic  asthma  unresponsive  to  ste¬ 
roids  [5]. 

Diagnosis  can  be  made  by  identifying  rhab¬ 
ditiform  larvae  on  microscopy  of  stool  or  sputum. 
The  autoinfective  cycle  of  a  chronically  infected 
person  may  involve  only  a  very  few  reproducing 
larvae,  therefore  yield  may  be  low.  Repeated 
samples  increase  the  diagnostic  sensitivity. 
Various  exams  including  the  filter  paper  culture 
or  agar  plating  method  can  increase  diagnostic 
yield  slightly,  but  are  time  consuming  and  rarely 
standard  laboratory  protocol  [8].  EGD  or  colo¬ 
noscopy  can  reveal  skip  lesions  of  inflammation, 
ulcerations,  or  simply  mucosal  thickening,  with 
biopsy  samples  occasionally  containing  larvae 
[9].  Chest  radiography  can  be  normal  in  mild 
infection,  or  may  show  nonspecific  findings  such 
as  reticulonodular  infiltrates  or  patchy  alveolar 
opacities  [7].  Emerging  techniques  -  including 
serum  ELISA  and  luciferase  immunoprecipita- 
tion  of  IgG  antibodies,  as  well  as  PCR  for 
strongyloides  DNA  -  can  achieve  diagnostic 
yields  up  to  90%  [10]. 

Anti-parasitics 

Standard  therapy  for  uncomplicated  strongyloi¬ 
diasis  is  oral  ivermectin  200  ug/kg  for  two  con¬ 
secutive  days  or  given  2  weeks  apart,  with 
eradication  rates  reaching  100%  [5].  A  compara¬ 
tive  randomized  controlled  trial  of  ivermectin 
versus  thiabendazole  showed  a  better  side  effect 
profile  [11],  and  better  efficacy  compared  to 
thiabendazole  [12].  Second  line  treatment  is 
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albendazole  400  mg  twice  daily  for  10-14  days, 
as  cure  rates  are  inferior  [4] . 

Supportive  Care  and  Follow  Up 

Immunosuppressed  patients  with  strongyloidia¬ 
sis  should  have  immunosuppressive  therapy  held 
if  possible,  as  these  medications  increase  the  pro¬ 
pensity  for  disseminated  disease  and  hyperinfec¬ 
tion.  Not  uncommonly,  patients  with 
strongyloides  infections  develop  bacteremia  and 
sepsis  due  to  translocation  of  gut  and  lung  flora 
with  invasion  of  larvae.  Therefore,  treatment  in 
severe  cases  of  strongyloidiasis  should  include 
antibacterials  with  activity  against  enteric  gram 
negative  organisms  [4].  Hyperinfection  and  dis¬ 
seminated  infection  often  lead  to  critical  illness 
including  DIC,  sepsis,  hemodynamic  instability, 
and  respiratory  failure.  Aggressive  hemodynamic 
and  respiratory  support  is  crucial  to  patient  recov¬ 
ery.  As  ileus  and  bowel  obstruction  can  be  com¬ 
mon  with  severe  infection,  nutritional  support 
can  be  challenging,  and  parenteral  nutrition  may 
be  required  [6] .  Follow  up  confirmation  for  eradi¬ 
cation  of  disease  should  include  stool  exams  for 
up  to  1  year,  or  serology  testing  for  1-2  years 
with  decreasing  IgG  levels  and  resolving  periph¬ 
eral  eosinophilia  [9] . 


Evidence  Contour 

The  treatment  of  disseminated  infection  and 
hyperinfection  is  challenging,  especially  in  the 
setting  of  bowel  obstruction  or  ileus,  when  oral 
preparations  of  anti-helminths  are  difficult  to 
deliver  and  absorb. 

Severe  Infections 

There  are  no  randomized  trials  for  treatment  regi¬ 
mens  of  either  hyperinfection  or  disseminated 
strongyloidiasis.  Recommended  therapy  is  based 
on  expert  opinion  and  case  reports  of  successful 
trials.  In  the  case  of  severe  infections,  any  immu¬ 
nosuppression  should  be  stopped  as  mortality  is 


high  despite  treatment.  Oral  ivermectin  at  the 
standard  dose  of  200  ug/kg  should  be  adminis¬ 
tered  daily  until  stool  and  sputum  exam  is  persis¬ 
tently  negative  for  2  weeks  [4,  13]. 

Hyperinfection  Associated 
with  Paralytic  Ileus 

Patients  with  severe  strongyloidiasis  often  pres¬ 
ent  with  vomiting,  diarrhea,  or  paralytic  ileus  due 
to  larval  induced  gastrointestinal  inflammation. 
These  scenarios  present  a  uniquely  difficult  treat¬ 
ment  challenge  for  reliable  delivery  of  oral  anti¬ 
helminths.  Enteral  ivermectin  200  ug/kg/day  can 
be  administered  by  orogastric  or  nasogastric  tube 
in  the  setting  of  nausea  or  vomiting,  or  by  rectal 
enema  in  the  cases  of  progressive  ileus  [4,  13, 
14].  However,  several  case  reports  showed  that 
absorption  of  enteral  ivermectin  can  be  impaired 
in  severe  infection  [15].  A  parenteral  veterinarian 
formulation  of  ivermectin  can  be  given  subcuta¬ 
neously.  Based  on  available  case  reports,  Mejia 
and  Nutman  recommend  200  ug/kg/day  in 
divided  doses  in  each  arm  [13].  Though  there  are 
no  clinical  trials,  case  reports  show  improved 
serum  drug  concentrations  and  successful  treat¬ 
ment  of  severe  infections  [13,  15,  16]. 
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Case  Presentation 

A  38  year  old  physician  with  no  medical  his¬ 
tory  presents  to  the  Emergency  Department  with 
fever,  abdominal  pain,  and  diarrhea  10  days  after 
returning  from  West  Africa  where  she  had  been 
working  in  an  Ebola  Treatment  Center  (ETC). 
She  directly  cared  for  multiple  patients  with 
suspected  or  confirmed  Ebola  Virus  Disease 
(EVD).  She  reports  extensive  training  in  the  use 
of  personal  protective  equipment  (PPE)  prior  to 
patient  contact,  and  had  no  known  breaches  in 
protocol  while  caring  for  patients.  She  received 
all  appropriate  vaccinations  prior  to  travelling  to 
West  Africa.  While  there,  she  suffered  multiple 
insect  bites,  but  was  compliant  with  malaria  pro¬ 
phylaxis.  She  drank  only  bottled  water.  Aside 
from  the  fatigue  that  she  attributed  to  her  work 
and  the  long  journey,  she  felt  well  upon  leaving 
West  Africa  and  during  travel  home.  The  fatigue 
persisted  and  worsened  over  the  several  days 
after  returning  to  the  United  States,  when  she 
developed  fever,  abdominal  pain,  and  diarrhea 
approximately  8  h  prior  to  presentation.  She 
reported  her  symptoms  to  the  local  department 
of  health  and  was  transported  to  the  hospital 
under  appropriate  precautions.  She  is  currently 
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in  a  single-bed,  respiratory  isolation  room  in  the 
Emergency  Department. 

Question  What  approach  should  be  taken  to  the 
evaluation,  workup,  and  management  of  this 
patient? 

Answer  Diagnostic  workup,  supportive  therapy, 
and  targeted  treatments  performed  under  appro¬ 
priate  isolation  precautions. 

The  patient  described  in  this  scenario  has  a 
moderate  to  high  probability  of  having 
EVD.  However,  she  is  also  at  risk  for  entities 
such  as  malaria,  typhoid,  cholera,  trypanosomia¬ 
sis,  Lassa  fever,  dengue  fever,  and  more  typical 
viral  and  bacterial  infections. 

Each  of  these  diseases  requires  urgent  diag¬ 
nostic  evaluation  and,  if  confirmed,  supportive 
and/or  targeted  therapies.  However,  when  there  is 
a  possibility  of  a  highly  infectious  disease  such  as 
EVD,  the  need  for  urgent  evaluation  and  manage¬ 
ment  must  be  balanced  with  the  need  for  strict 
infection  control  measures  and  consideration  of 
the  safety  of  involved  healthcare  workers  [1]. 

Principles  of  Management 

Isolation  and  Infection  Control 

Measures  will  be  based  on  the  possible  routes  of 
transmission  for  the  disease(s)  being  considered. 
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In  the  case  of  EVD,  the  disease  is  transmitted  via 
direct  contact  with  body  fluids  or  contaminated 
objects.  The  infectious  dose  is  low  and  thus  strict 
contact  precautions  must  be  enforced.  The  CDC 
and  WHO  have  provided  recommendations  on 
isolation  and  infection  control  in  this  circum¬ 
stance  [2,  3]. 

Active  Screening 

The  first,  and  perhaps  most  important,  step  in 
preventing  disease  transmission  is  to  identify 
patients  who  may  be  carrying  the  disease.  In  the 
case  of  the  2014  EVD  outbreak,  many  institu¬ 
tions  began  screening  all  patients  for  recent  travel 
to  any  of  the  affected  West  African  nations  and 
for  symptoms  potentially  compatible  with 
EVD.  Patients  who  screen  positive  may  be  placed 
in  isolation  pending  further  evaluation.  If  con¬ 
cern  for  EVD  persists  after  this  initial  evaluation, 
the  patient  may  be  thereafter  monitored  and  man¬ 
aged  in  a  dedicated  isolation  unit. 

Isolation  Unit 

Ideally,  a  dedicated  isolation  room  or  unit  would 
be  available  in  order  to  keep  the  patient,  the  staff 
caring  for  them,  and  the  potentially  contaminated 
equipment  separate  from  other  patients  and  staff 
[2].  In  the  case  of  EVD,  the  unit  would  need  to  be 
designed  for  strict  contact  precautions  -  includ¬ 
ing  components  such  as  an  ante-room  that  transi¬ 
tions  into  the  patient  room  and  a  dedicated  area 
for  donning  and  doffing  PPE.  The  patient  room 
should  be  outfitted  with  capabilities  to  provide 
intensive  monitoring  and  support.  This  includes 
power  outlets  supported  by  emergency  genera¬ 
tors,  plumbing  capable  of  supporting  hemodialy¬ 
sis,  central  oxygen,  central  vacuum  for  suctioning, 
and  monitors  capable  of  continues  telemetry, 
pulse  oximetry,  arterial  pressure,  venous  pres¬ 
sure,  and  End- tidal  C02  monitoring.  Strict  logs 
of  all  personnel  on  the  unit  should  be  kept  so  that, 
in  the  event  of  a  breech  in  protocol,  all  exposed 
individuals  can  be  monitored.  A  satellite  labora¬ 
tory  located  within  the  isolation  unit  should  be 


utilized.  This  removes  the  risk  of  transmission 
associated  with  transporting  patient  samples  out¬ 
side  of  the  isolation  unit  to  be  analyzed  on  central 
laboratory  equipment. 

Protective  Equipment 

The  CDC  and  WHO  have  published  recommen¬ 
dations  on  the  appropriate  PPE  for  use  in  patients 
with  suspected  or  confirmed  EVD  [2,  3].  While 
several  variations  of  this  equipment  are  commer¬ 
cially  available,  it  should  be  noted  that  familiarity 
with  the  equipment  is  perhaps  more  important 
than  the  equipment  itself.  The  moment  of  highest 
risk  for  transmission  is  during  the  removal  of 
contaminated  PPE,  when  a  provider’s  skin  could 
come  in  direct  contact  with  the  infectious  materi¬ 
als.  Thus,  the  donning  and  doffing  process  should 
be  stepwise  and  methodical.  A  trained  observer 
should  provide  instructions  and  monitor  every 
step  in  the  process.  Every  potential  provider 
should  demonstrate  familiarity  with  this  process 
on  a  regular  basis.  If  available,  this  process 
should  be  practiced  in  an  open  or  simulated  isola¬ 
tion  unit  that  is  identical  to  the  unit  a  patient 
would  be  admitted  to  (Fig.  56.1). 

Protocols  and  Policies 

The  precautions  instituted  when  caring  for  a 
patient  with  suspected  or  confirmed  EVD  add 
complexity  to  nearly  every  aspect  of  patient  care. 
In  many  ways,  the  precautions  necessitate  a  devi¬ 
ation  from  regular  work  flow,  creating  a  risk  for 
errors.  Therefore,  when  time  allows,  protocols 
should  be  drafted  and  distributed  ahead  of  time. 
Some  issues  that  are  particularly  amenable  to 
prospective  planning  include: 

Specimen  Collection  and  Handling 

Most  of  the  blood  samples  from  the  patient  will 
be  obtained  within  the  contaminated  isolation 
room,  and  will  be  packaged  and  transported  the 
satellite  laboratory.  Depending  on  the  design  of 
the  isolation  unit,  the  samples  may  be  carried 
through  clean  areas  en  route  to  the  laboratory. 
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Fig.  56.1  Correct  Gear  EVD  flyer.  Courtesy  of  NYC  Health + Hospitals,  Bellevue 


Some  samples  (such  as  those  for  EVD  PCR)  will 
need  to  be  packaged  and  transported  out  of  the 
hospital  to  specialized  laboratories  capable  of 
running  the  test.  The  way  in  which  the  samples 
are  collected,  packaged,  and  transported  should 
be  practiced  ahead  of  time. 

Decontamination 

Equipment  used  in  the  room  of  a  patient  with 
confirmed  EVD  cannot  be  immediately  removed 
from  that  room  without  special  precautions. 
Protocols  for  disinfecting  or  destroying  such 
equipment  should  be  developed.  Staff  should  be 
aware  of  this  issue  before  bringing  equipment 


into  the  room  that  is  vitally  important  to  other 
patients  in  the  hospital. 

Waste  Management 

The  PPE  of  providers  combined  with  contami¬ 
nated  patient  materials  (especially  those  with 
severe  nausea,  vomiting,  or  hemorrhagic 
complications)  can  create  a  tremendous  amount 
of  waste.  This  waste  is  considered  highly  infec¬ 
tious,  and  potentially  represents  a  public  health 
risk  if  mismanaged  during  transport  within  or 
outside  the  hospital  [1].  Some  have  raised  con¬ 
cern  about  the  use  of  EVD  as  an  agent  of  bioter¬ 
rorism,  making  this  waste  a  potential  national 
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security  threat.  Thus,  the  process  by  which  this 
waste  is  collected,  transported,  and  destroyed  is 
of  paramount  importance.  The  protocols  that  out¬ 
line  waste  management  should  include  waste  in 
trash  cans  and  sharps  containers,  waste  in  the 
patient  toilets,  dialysis  effluent,  supplies  used  to 
clean  the  room,  and  anything  else  potentially 
contaminated  with  infectious  materials. 

Provisions  of  Clinical  Care 

The  precautions  described  above  will  signifi¬ 
cantly  alter  the  way  in  which  critical  care  ser¬ 
vices  are  delivered  to  patients  with  suspected  or 
confirmed  EVD.  This  alteration  in  workflow  cre¬ 
ates  a  potential  for  errors  that  may  put  the  patient 
or  staff  at  risk.  If  time  allows,  all  aspects  of  clini¬ 
cal  care  should  be  considered  ahead  of  time. 
Some  example  of  topics  to  be  considered  are: 

Team  Structure 

Typically,  a  critically  ill  patient  has  a  complex 
interdisciplinary  team  addressing  their  needs. 
This  team  may  include  physicians,  nurses,  respi¬ 
ratory  therapists,  physical  therapists,  clinical 
pharmacists,  social  workers,  nutritionists,  chap¬ 
laincy  personnel,  and  others  [1].  In  patient  with 
suspected  or  confirmed  EVD,  all  efforts  should 
be  made  to  limit  the  number  of  people  who  come 
into  direct  contact  with  the  patient.  Below  are 
considerations  for  many  of  these  disciplines: 

•  Physicians:  Clearly,  the  patient  will  have  a 
team  of  primary  physicians.  While  a  larger 
team  of  physicians  may  distribute  the  work 
more  evenly,  this  will  also  impact  other  clini¬ 
cal  services  substantially  if  these  physicians 
are  not  allowed  to  care  for  other  patients 
while  caring  for  a  patient  with  suspected  or 
confirmed  EVD.  Thus,  a  smaller  physician 
team  may  be  more  sustainable.  Consideration 
should  be  given  to  the  necessary  skill  set  to 
serve  as  one  of  these  primary  providers. 
Ideally,  one  would  be  comfortable  with  air¬ 
way  management,  central  line  placement, 
and  the  use  of  bedside  ultrasound  to  make 
assessments  of  the  cardiac  and  respiratory 


symptoms  (rationale  discussed  in  detail 
below.)  When  specialty  consultation  is 
required,  careful  consideration  should  be 
given  to  whether  the  consultant  needs  to  per¬ 
form  a  bedside  assessment.  If  possible,  “cog¬ 
nitive  consultation”  can  be  performed  via 
chart  review,  discussion  with  primary  physi¬ 
cian,  and  possibly  patient  interview  via  video 
conferencing.  If  a  small  team  of  physicians 
cares  for  a  patient  for  a  prolonged  period, 
attention  should  be  paid  to  the  psychological 
impact  of  caring  for  such  a  disease  under 
social  isolation. 

•  Nurses:  Patients  with  suspected  or  confirmed 
EVD  are  extremely  nurse-intensive.  These 
patients  may  require  frequent  assessments 
and  interventions.  However,  as  mentioned 
above,  the  moment  of  highest  risk  for  disease 
transmission  is  during  the  doffing  of 
PPE.  Therefore,  efforts  should  be  made  to 
minimize  the  number  of  times  the  bedside 
nurse  enters  and  exits  the  room.  One  solution 
is  for  the  nurse  to  stay  in  the  room  in  full  PPE 
for  longer  periods,  thus  minimizing  the  num¬ 
ber  of  doffing  procedures.  The  amount  of 
time  one  can  spend  in  full  PPE  will  vary  to 
some  degree  based  on  the  equipment  being 
used.  However,  the  equipment  is  heavy  and 
occlusive,  leading  to  significant  discomfort 
when  worn  for  prolonged  periods.  Based  on 
the  need  to  relieve  this  nurse,  to  have  another 
nurse  available  to  obtain  supplies,  and  to 
allow  necessary  breaks  during  a  shift,  at  least 
6  nurses  per  day  are  required  to  care  for  a 
patient  under  these  precautions.  It  should  be 
noted  that  the  nurses  are  in  the  closest  contact 
with  the  patient  for  the  longest  periods  of 
time  and  are  more  likely  to  be  exposed  to 
infectious  materials.  The  psychological  stress 
put  on  nurses  performing  this  role  cannot  be 
overstated.  This  should  be  accounted  for  dur¬ 
ing  and  after  the  care  of  a  patient  with  sus¬ 
pected  or  confirmed  EVD. 

•  Respiratory  Therapists:  Consideration 
should  be  given  to  respiratory  therapists  pro¬ 
viding  cognitive  consultation  as  well.  This 
would  require  that  they  train  either  the  physi¬ 
cians  or  nurses  on  how  to  perform  the  standard 
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tasks  they  typically  perform  at  the  bedside. 
Specific  examples  include  setup  and  initiation 
of  mechanical  ventilators,  daily  ventilator 
checks,  alarm  modulation,  and  ventilator  trou¬ 
bleshooting.  Even  if  this  method  is  employed, 
however,  a  group  of  therapists  should  be 
trained  in  EVD  precautions  and  PPE  in  the 
event  that  an  unanticipated  circumstance 
arises  and  they  are  required  to  enter  the  patient 
room.  The  therapists  staffing  structure  should 
be  designed  such  that  at  least  one  therapist 
trained  in  EVD  precautions  and  the  use  of 
PPE  is  on  duty  at  any  given  time. 

•  Others:  the  remainder  of  the  critical  care  team 
(pharmacists,  nutritionists,  social  workers, 
chaplains,  and  others)  can  likely  provider  their 
services  by  chart  review  and  patient  interview 
without  the  need  to  enter  the  room. 

Monitoring 

Much  of  the  monitoring  that  is  typically  done  in 
a  critical  care  patient  can  be  done  under  these 
precautions.  Telemetry,  non-invasive  blood  pres¬ 
sure  measurements,  and  pulse  oximetry  are  not 
affected.  The  risks/benefits  of  invasive  blood 
pressure  monitoring  should  be  considered  care¬ 
fully  given  the  desire  to  minimize  contact  with 
blood  specimens  and  the  possibility  that  these 
patients  may  develop  hemorrhagic  complica¬ 
tions.  If  available,  End-tidal  C02  monitoring 
may  make  it  possible  to  avoid  arterial  blood 
sampling. 

Bedside  Assessments 

In  patients  under  EVD  precautions,  the  process 
of  going  to  the  bedside  is  complicated.  Careful 
consideration  should  be  made  about  which 
assessments  truly  require  a  provider  to  go  to  the 
bedside  and  which  can  be  done  via  video  confer¬ 
encing  or  other  means.  Efforts  should  be  made  to 
“bundle”  necessary  bedside  tasks  to  avoid  the 
need  for  multiple  donning  and  doffing  proce¬ 
dures.  With  all  of  this  being  said,  consideration 
should  also  be  given  to  the  mental  health  of  the 
patient.  If  they  remain  awake  and  alert,  they  are 
likely  to  suffer  from  social  isolation  and  may 
benefit  greatly  from  seeing  their  providers  on  a 
regular  basis. 


Diagnostic  Testing 
Blood  Analysis 

The  array  of  testing  available  for  a  patient  with 
suspected  or  confirmed  EVD  is  likely  to  be  lim¬ 
ited,  particularly  if  the  analysis  is  being  done  in  a 
satellite  laboratory.  If  time  allows,  providers 
should  work  with  laboratory  staff  to  discuss  the 
testing  that  will  be  available  and  ensure  that  it 
will  be  adequate  to  monitor  a  patient  at  risk  for 
severe  volume  losses,  electrolyte  abnormalities, 
multi-organ  failure,  and  bleeding  complications 
[4].  Point  of  care  testing,  to  the  extent  it  is  avail¬ 
able,  may  be  an  option  that  simplifies  many  of 
these  issues.  As  noted  above,  the  process  of  draw¬ 
ing  and  analyzing  a  blood  sample  under  these 
precautions  is  complex  and  also  requires  labora¬ 
tory  staff  to  don  and  doff  PPE.  Therefore,  when¬ 
ever  possible,  all  necessary  testing  should  be 
done  at  one  time  to  avoid  having  to  repeat  this 
process  throughout  the  day. 

Imaging 

While  it  may  be  possible  to  perform  standard 
imaging  studies  (such  as  xrays  and  CT  scans) 
under  EVD  precautions,  it  is  quite  complex. 
Efforts  should  be  made  to  avoid  such  testing 
unless  absolutely  critical.  In  well-trained  hands, 
bedside  ultrasound  may  provide  an  alternative  to 
many  of  the  imaging  studies  typically  done  in 
critically  ill  patients,  and  also  eliminates  the  need 
for  an  additional  person  (such  as  an  ultrasound 
technician)  to  enter  the  room.  It  should  be  noted, 
however,  that  the  ultrasound  machine  used  will 
likely  be  unavailable  for  immediate  use  on  other 
patients  once  used  on  a  patient  with  confirmed  or 
suspected  EVD. 

Invasive  Procedures 

The  use  of  PPE  significantly  alters  the  process  of 
performing  invasive  procedures  by  restricting 
range  of  motion,  altering  tactile  sensation,  and 
limiting  the  field  of  view  [1].  These  changes  cre¬ 
ate  a  risk  for  errors  that  represent  a  danger  to  both 
the  patient  and  the  providers.  If  time  allows,  care¬ 
ful  planning  and  simulation  of  procedures  while 
wearing  PPE  should  be  performed.  Some  specific 
areas  of  consideration  are  given  below. 
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Central  Venous  Catheter(CVC) 
Placement 

Threshold  for  Placement 

Consideration  should  be  given  to  establish  a  low 
threshold  to  place  a  CVC  in  a  patient  with  con¬ 
firmed  EVD.  First,  the  procedure  may  be  easier 
and  safer  earlier  in  the  course  of  disease,  before 
significant  volume  loss  or  other  complications 
(such  as  DIC)  have  developed.  Second,  the  pres¬ 
ence  of  a  central  line  allows  access  for  venous 
blood  sampling  without  the  need  for  repeated 
peripheral  needle  sticks. 

Location  of  Placement 

For  the  most  part,  site  selection  for  CVC  is  the 
same  as  for  other  critically  ill  patients.  Given  that 
altered  tactile  sensation  may  make  landmark  pal¬ 
pation  more  difficult,  and  that  these  patients  have 
potential  for  bleeding  complications,  one  might 
consider  ultrasound-guided  internal  jugular  the 
preferred  approach. 

Sterile  Precautions 

Efforts  should  be  made  to  maintain  sterility  dur¬ 
ing  CVC  placement,  especially  considering  that 
the  patient  may  have  a  prolonged  course  and  that 
the  CVC  may  remain  in  place  for  much  of  that 
course.  However,  the  standard  precautions  taken 
during  CV  C  placement  are  difficult  to  fully 
adhere  to  while  wearing  PPE.  Decisions  should 
be  made  ahead  of  time  as  to  how  the  non- sterile 
exam  gloves  will  be  covered  or  replaced  by  ster¬ 
ile  procedure  gloves.  PPE  will  be  covering  the 
provider’s  hair,  mouth,  and  nose,  removing  the 
need  for  a  cap  and  mask.  However,  an  extra-large 
sterile  gown  may  be  required  to  fit  over  the  layers 
of  PPE.  Providers  should  be  aware  of  how  these 
several  layers  of  equipment  will  feel  and  be  pro¬ 
vided  with  an  opportunity  to  practice  CVC  place¬ 
ment  under  these  conditions. 


Endotracheal  Intubation 

Threshold  for  Intubation 

All  efforts  should  be  made  to  avoid  the  need  for 
an  urgent  or  emergent  intubation  in  patients  with 
confirmed  or  suspected  EVD,  as  this  creates  risk 
to  both  patient  and  staff.  Therefore,  the  threshold 
to  perform  intubation  in  these  patients  may  be 
lower,  particularly  if  the  patient’s  condition  is 
clearly  worsening. 

Modality 

PPE  significantly  limits  the  field  of  vision  and 
thus  providers  may  have  more  difficulty  obtain¬ 
ing  an  adequate  view  during  attempted  direct 
laryngoscopy.  Therefore,  strong  consideration 
should  be  given  to  video  laryngoscopy.  This  has 
the  additional  advantage  of  potentially  lowering 
the  risk  of  disease  transmission  by  keeping  the 
provider’s  face  away  from  the  patient  in  case 
there  is  coughing  or  vomiting.  Again,  it  should  be 
recognized  that  the  device  used  under  these  pre¬ 
cautions  will  not  be  immediately  available  to  be 
used  on  other  patients.  The  use  of  short  acting 
neuromuscular  blockade  may  also  be  considered 
for  these  patients  in  order  to  improve  visualiza¬ 
tion,  increase  the  likelihood  of  success  on  first 
attempt,  and  reduce  the  likelihood  of  active  vom¬ 
iting  during  the  procedure. 

Emergency  Response  Teams 

Careful  consideration  should  be  given  to  the  role 
of  emergency  response  teams  (medical  response 
team,  rapid  response  team,  airway  team,  code 
team,  etc.)  in  patients  with  suspected  or  con¬ 
firmed  EVD.  If  such  a  team  is  activated  and 
attempts  to  enter  the  room  hurriedly,  it  will  be 
extremely  difficult  to  control  the  number  of  peo¬ 
ple  in  the  unit,  track  the  people  who  need  to  be 
monitored,  and  ensure  100%  compliance  with 
appropriate  precautions. 
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Diagnostic  Evaluation 

As  discussed  above,  patients  being  evaluated  for 
EVD  are  also  likely  at  risk  for  other  infectious 
diseases.  The  process  of  evaluating  a  patient  for 
this  disease  involves  multiple  steps. 

Establishing  the  Likelihood  of  EVD 

Ideally,  patients  will  be  placed  into  isolation 
when  any  suspicion  of  EVD  is  raised  by  their  his¬ 
tory  or  symptoms.  Once  in  isolation,  a  more 
detailed  history  is  obtained  to  clarify  the  likeli¬ 
hood  of  active  EVD  as  the  explanation  for  the 
patient’s  symptoms.  This  should  include  a  time¬ 
line  of  their  travels  and  contacts,  as  well  as  a 
detailed  description  of  their  symptom  onset.  A 
physical  exam  to  identify  alternative  explana¬ 
tions  for  symptoms  or  for  findings  common  in 
EVD  (such  as  pharyngitis,  rash,  etc.)  should  be 
performed.  An  assessment  of  volume  status  and 
any  evidence  of  end-organ  hypoperfusion  (men¬ 
tal  status,  blood  pressure,  skin  mottling,  capillary 
refill,  etc.)  should  be  made.  In  some  cases,  the 
history  alone  may  be  sufficient  to  rule  out 
EVD.  Consider,  for  example,  a  patient  who  was 
placed  in  isolation  after  presenting  with  fever  and 
reporting  history  of  travel  to  a  country  affected 
by  an  outbreak  of  EVD.  If  a  more  detailed  history 
reveals  that  travel  to  that  country  were  several 
months  prior  to  the  onset  of  symptoms,  a  diagno¬ 
sis  of  EVD  needs  not  be  further  pursued.  If,  how¬ 
ever,  concern  for  EVD  persists  after  this  initial 
evaluation,  then  a  more  formal  assessment  for 
EVD  will  need  to  be  made.  Such  decisions  should 
be  made  in  collaboration  with  infectious  disease 
and  public  health  experts. 

Identifying  Alternative  or 
Concomitant  Diagnoses 

At  the  same  time  that  testing  is  being  done  for 
EVD  (as  described  below)  a  host  of  other  infec¬ 
tious  diseases  should  be  evaluated.  This  should 


be  done  in  consultation  with  infectious  disease 
specialists  and  tailored  to  the  countries  visited, 
known  ongoing  outbreaks,  the  time  of  year,  etc. 
In  general,  the  list  will  include  malaria,  typhoid 
fever,  trypanosomiasis,  Lassa  fever,  and  cholera 
[2,  4].  If  specific  testing  for  a  suspected  condition 
is  available,  the  testing  should  be  sent  as  early  as 
possible. 

Specific  Testing  for  EVD 

Confirmation  of  EVD  requires  detection  of  viral 
RNA  or  viral  antigens  in  the  blood  or  body  fluid 
of  the  patient.  The  sensitivity  of  this  testing  is 
dependent  on  the  viral  load  in  the  sample  and 
thus  false  negatives  are  possible  early  in  the 
course  of  disease.  A  patient  with  suspected  EVD 
who  tests  negative  early  after  the  onset  of  symp¬ 
toms  may  require  ongoing  isolation  and  repeat 
testing  in  48-72  h  [4].  The  testing,  and  its  inter¬ 
pretation,  should  be  done  in  collaboration  with 
infectious  disease  and  public  health  experts. 

Supportive  Therapy 

While  targeted  therapies  against  EVD  are  under 
investigation  and  are  likely  to  be  employed  in 
patients  with  the  disease,  the  critical  care 
approach  to  these  patients  is  not  significantly  dif¬ 
ferent  than  other  critically  ill  patients.  Much  of 
the  focus  is  to  provide  supportive  therapies  in 
order  to  sustain  life  while  the  underlying  disease 
is  being  treated  and/or  the  patient’s  immune  sys¬ 
tem  is  mounting  a  response  to  it. 

Fluid  and  Electrolytes 

Patients  with  EVD  are  at  high  risk  for  volume 
depletion  and  electrolyte  disturbances  given 
anorexia,  vomiting,  diarrhea,  and  insensible 
losses  related  to  high  fever.  Thus,  fluid  resuscita¬ 
tion  and  electrolyte  repletion  are  a  key  compo¬ 
nent  to  the  supportive  management  of  these 
patients  [1,  4,  5].  If  diarrhea  is  a  dominant  symp¬ 
tom,  the  patient  may  be  at  risk  for  metabolic 
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acidosis,  and  consideration  should  be  given  to 
using  balanced  fluids.  As  described  above,  fre¬ 
quent  lab  assessments  should  be  avoided  unless 
absolutely  necessary.  Therefore,  preemptive  elec¬ 
trolyte  repletion  (with  particular  attention  to 
potassium  and  magnesium)  should  be  considered 
in  patients  with  active  volume  losses,  unless  con¬ 
traindicated  for  other  reasons.  Aggressive  symp¬ 
tomatic  treatment  for  diarrhea  and  nausea  may 
limit  volume  losses  while  also  providing  comfort 
to  the  patient  [1,4]. 

Mechanical  Ventilation 

There  are  multiple  potential  reasons  a  patient 
with  EVD  may  require  ventilatory  support: 
altered  mental  status  due  to  end-organ  hypoper¬ 
fusion,  bleeding  complications  threatening  air¬ 
way  patency,  EVD  related  Acute  Respiratory 
Distress  Syndrome,  Transfusion-Associated 
Lung  Injury,  and  others.  EVD  precautions  alter 
this  means  of  support  by  affecting  the  way  in 
which  the  intubation  is  performed,  the  personnel 
involved  in  setting  up  and  troubleshooting  the 
ventilator,  and  the  means  by  which  the  intubated 
patient  is  monitored.  Each  of  these  is  discussed  in 
detail  above.  Aside  from  these  adjustments,  the 
management  of  mechanical  ventilation  is  similar 
to  other  critically  ill  patients.  Means  to  minimize 
sedation  when  possible,  identify  delirium,  and 
assess  the  patient  for  liberation  from  the  ventila¬ 
tor  should  be  employed.  However,  there  may  be 
an  increased  risk  of  disease  transmission  should 
the  patient  display  agitated  behavior.  Further,  re¬ 
intubating  the  patient  under  urgent  circumstances 
may  represent  a  risk  to  patient  and  staff. 
Therefore,  the  goal  level  of  sedation,  the  risk  of 
interruption  of  sedation,  and  the  threshold  for 
extubation  should  be  considered  carefully. 

Renal  Replacement  Therapy 

Renal  injury  is  common  among  patients  with 
advanced  EVD.  Standard  approaches  to  prevent 
or  limit  this  injury  (restoring  intravascular  vol¬ 
ume,  maintaining  blood  pressure,  avoiding  neph- 
rotoxins)  remain  relevant.  The  indications  for  the 
initiation  of  renal  replacement  therapy  (RRT)  are 
the  same  in  patients  with  suspected  or  confirmed 
EVD  as  in  other  critically  ill  patients.  However, 


EVD  precautions  present  unique  challenges  in 
delivering  RRT.  There  is  potential  for  disease 
transmission  during  placement  of  the  dialysis 
catheter  as  well  as  during  initiation,  maintenance, 
and  discontinuation  of  RRT.  The  conventional 
RRT  machine  is  large  and  may  be  difficult  to 
safely  move  in  and  out  of  the  isolation  unit. 
Conventional  RRT  is  usually  performed  by  a 
dedicated  nurse.  Patients  with  EVD  and  volume 
depletion  may  not  be  able  to  tolerate  the  volume 
shifts  associated  with  conventional  HD.  For  all  of 
these  reasons,  strong  consideration  should  be 
given  to  using  continuous  RRT  when  treating 
patients  under  EVD  precautions.  This  minimizes 
the  number  of  times  the  catheter  must  be  manipu¬ 
lated,  utilizes  a  smaller  machine  that  may  be  able 
to  stay  in  the  isolation  room  for  the  duration  of 
the  patients  course,  and  can  potentially  be  moni¬ 
tored  and  adjusted  by  the  same  bedside  critical 
care  nurse(s)  that  is  already  caring  for  the  patient. 

Nutrition 

The  principles  that  guide  nutrition  in  critically  ill 
patients  also  apply  to  patients  with  EVD.  Nutrition 
should  be  delivered  enterally  whenever  possible. 
Parenteral  nutrition  should  be  reserved  for  situa¬ 
tions  in  which  enteral  is  not  possible  for  a  pro¬ 
longed  period.  If  employed,  parenteral  nutrition 
should  be  converted  back  to  enteral  nutrition  as 
soon  as  possible. 

Evidence  Contour 

To  date,  there  is  limited  evidence  on  Ebola  Virus 
Disease.  Previous  outbreaks  involved  too  few 
cases  and  were  of  too  short  a  duration  to  provide 
an  opportunity  for  rigorous  study.  While  the  2014 
outbreak  has  provided  an  opportunity  for 
observation  and  research,  much  of  this  has 
focused  on  how  the  outbreak  spread  and  the  effi¬ 
cacy  of  different  methods  to  contain  it.  There  is 
very  limited  data  on  management  strategies  for 
affected  patients,  and  only  a  fraction  of  this  evi¬ 
dence  applies  to  care  of  an  EVD  patient  in  a  well- 
resourced  environment.  Some  of  the  interventions 
described  above  are  currently  under  active  inves¬ 
tigation,  but  no  conclusive  data  is  yet  available. 
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Targeted  Therapy 

No  previous  outbreak  has  had  an  adequate  size  or 
duration  to  allow  adequate  study  of  targeted  ther¬ 
apy  for  EVD.  However,  several  interventions 
exist  that  have  either  shown  in  vitro  efficacy  or 
have  a  strong  mechanistic  rationale.  The  2014 
outbreak  has  provided  the  opportunity  to  study 
some  of  these  interventions.  Currently,  the  inter¬ 
ventions  below  remain  experimental  and  their 
use  in  patients  with  EVD  should  be  guided  by 
discussions  with  experts  in  the  field  [1,  4,  6]: 

Brincidofovir:  An  oral  nucleotide  analog  that  has 
shown  in  vitro  activity  against  the  Ebola  virus. 
It  has  been  authorized  for  emergency  use  in 
patients  with  EVD. 

ZMapp:  A  combination  of  monoclonal  antibodies 
against  the  Ebola  virus  that  has  demonstrated 
efficacy  in  laboratory  animals.  However,  the 
product  is  not  currently  being  produced  and 
the  existing  supply  has  been  exhausted. 
TKM-Ebola:  An  antiviral  agent  that  has  also  been 
authorized  for  emergency  use  in  patients  with 
EVD. 

Convalescent  Plasma:  Plasma  from  EVD  survi¬ 
vors,  presumably  containing  anti-EVD  anti¬ 
bodies.  Supply  is  currently  limited  by  the 
number  of  willing  and  eligible  donors. 

Ethical  Considerations 
Staffing  Model 

Trainee  Involvement:  Consideration  should  be 
given  to  the  involvement  of  physicians-in-training 
in  the  care  of  patients  with  suspected  or  confirmed 
EVD.  The  need  to  impart  professionalism  and  sense 
of  duty  to  those  in  training  must  be  balanced  with 
the  need  to  limit  the  number  of  providers  exposed  to 
the  patient,  and  to  utilize  the  most  experienced  pro¬ 
viders  in  the  care  of  the  patient.  In  academic  centers, 
removing  trainees  from  the  care  of  a  patient  may 
represent  a  major  change  in  usual  workflow.  Thus, 
careful  planning  is  needed  to  prevent  errors  that 
threaten  the  safety  of  the  patient  and  staff  [7]. 

Mandatory  vs.  Voluntary  Staffing:  In  general, 
providers  do  not  “choose”  which  patients  they 


will  care  for.  However,  it  could  be  argued  that 
management  of  a  disease  such  as  EVD  could  not 
possibly  have  been  anticipated  when  providers 
such  as  physicians  and  nurses  made  their  com¬ 
mitment  to  the  institution.  While  a  mandatory 
staffing  model  is  inherently  more  fair,  it  is  also 
likely  to  be  met  with  resistance  from  some  pro¬ 
viders  and  may  negatively  impact  staff  morale.  If 
a  large  enough  voluntary  pool  is  available,  this 
may  be  preferable  [8,  9]. 

Provisions  of  Care 

Patients  under  Investigation:  As  detailed  above, 
EVD  precautions  significantly  impact  the  way  in 
which  critical  care  is  delivered  and,  in  some 
ways,  represent  a  risk  to  the  patient.  In  the  case  of 
confirmed  EVD,  the  need  to  protect  staff  and  the 
public  likely  justifies  this  risk.  However,  the  situ¬ 
ation  may  not  be  as  clear  when  evaluating  a 
patient  with  a  relatively  low  likelihood  of 
EVD.  The  precautions,  in  this  situation,  may  be 
more  likely  to  harm  the  patient  and  less  likely  to 
protect  the  staff  [4] . 

Patients  with  Confirmed  EVD:  Consideration 
should  be  given  to  limitations  on  resuscitative 
care  in  patients  with  EVD.  Consider  a  patient 
who  has  developed  advanced  disease,  compli¬ 
cated  by  multi-organ  failure  that  culminates  in 
cardiac  arrest.  In  this  situation,  attempts  at  car¬ 
diopulmonary  resuscitation  are  extremely 
unlikely  to  benefit  the  patient,  but  represent  a  sig¬ 
nificant  risk  to  the  staff.  Alternatively,  one  could 
consider  a  patient  with  early  EVD  and  no  organ 
failures,  who  develops  a  lethal  arrhythmia  related 
to  electrolyte  abnormalities.  The  risk/benefit  ratio 
in  this  circumstance  is  clearly  different  [1,  8]. 
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Case  Presentation 

A  25 -year-old  male  presented  to  the  emergency 
department  with  a  history  of  abdominal  pain  in  the 
right  hypochondrium,  jaundice,  fever,  and  a  decrease 
in  consciousness.  He  was  businessman  who  had 
recently  returned  from  Nigeria,  where  he  had  spent 
3  weeks.  Laboratory  tests  at  presentation  showed 
WBC:  20,650  Neu:88  Lymph:  12  Platelets:  38,000 
SGOT:  88  SGPT:  120  Billirubins:  T:  4.3  mg/dl  I: 
29  mg/dl,  severe  metabolic  acidosis,  thrombocyto¬ 
penia,  a  creatinine  of  5.6  mg/dl,  and  dark  urine  (mac¬ 
roscopic  hemoglobinuria  see  Fig.  57.1).  His 
APACHE  II  score  was  37,  with  an  estimated  risk  of 
death  of  88  %.  The  patient  was  admitted  to  the  inten¬ 
sive  care  unit  with  septic  shock.  A  thick  blood  smear 
revealed  P.  falciparum  malaria.  The  patient  was  ini¬ 
tiated  with  anti-malaria  IV  drugs:  quinidine  gluco¬ 
nate  plus  doxycycline.  Despite  antimalarial  drug 
administration  and  supportive  care  the  patient  devel¬ 
oped  acute  respiratory  distress  syndrome,  acute 
renal  failure  requiring  renal  replacement  therapy, 
and  an  Important  Thrombocytopenia  (Fig.  57.2). 
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Question  What  are  the  challenges  in  the  diagno¬ 
sis  and  management  of  the  returning  traveller 
with  severe  malaria? 

Answer  People  now  move  across  the  world  with 
great  facility,  whether  on  vacation  or  business. 
Endemic  diseases,  such  as  malaria,  can  affect  the 
travelers  upon  return  to  home.  Malaria.com  maps 
the  regions  of  the  world  where  Plasmodium  falci¬ 
parum,  the  type  intensivists  might  encounter, 
may  be  transmitted  [1]. 

In  a  returning  traveler,  fever  can  be  a  benign 
and  self-limiting  infection,  but  initially  must  be 
considered  seriously.  Table  57.1  displays  the  top 
illnesses  encountered  in  returning  travelers.  In 
order  to  make  a  diagnosis  a  comprehensive  his¬ 
tory  with  details  regarding  places  visited,  dura¬ 
tion,  purpose,  activities  undertaken,  any 
chemoprophylaxis  taken  before  or  while  traveling 
is  critical  for  the  initial  work-Up.  Knowledge  of 
incubation  period  and  disease  risk  by  geographic 
are  helps  in  making  a  differential  diagnosis. 
Table  57.2  displays  various  diseases  potentially 
encountered  by  the  returning  traveler  by  the  dura¬ 
tion  of  incubation  period. 

Principles  of  Management  in  Severe 
Falciparum  Malaria 

Patients  with  severe  malaria  usually  present 
with  a  high  level  of  parasitemia  and/or  major 
signs  of  organ  dysfunction.  Populations  at 
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Fig.  57.1  ‘  ‘Blackwater  Fever”  -  Urine  sample  showing 
dark  urine  due  to  hemoglobinuria  (right  tube) 

greatest  risk  for  severe  falciparum  malaria  are 
young  children,  pregnant  women  and  travelers 
to  endemic  areas.  In  endemic  areas,  elder  chil¬ 
dren  and  adults  develop  partial  immunity  after 
repeated  infections  and  are  at  relatively  low 
risk  for  severe  disease.  Travelers  to  areas  where 
malaria  is  endemic  generally  have  no  previous 
exposure  to  malaria  parasites  and  are  at  high 
risk  for  severe  disease.  Pregnant  women  are 
more  likely  to  develop  severe  P.  falciparum 
malaria  than  other  adults,  particularly  in  the 
second  and  third  trimesters.  Complications 
such  as  hypoglycemia  and  pulmonary  edema 
are  more  common  than  in  non-pregnant  indi¬ 
viduals.  Maternal  mortality  can  approach  50%, 
and  fetal  death  and  premature  labor  are  com¬ 
mon  [2]. 

Patients  with  severe  malaria  represent  a  clin¬ 
ical  challenge  for  the  clinician  given  the  com¬ 
plex  pathophysiology  of  the  infection  involving 
multiple  organ  systems.  Seizures  and  severe 
anemia  are  relatively  more  common  in  chil¬ 
dren,  whereas  hyperparasitemia,  acute  renal 
failure,  and  jaundice  are  more  common  in 
adults.  Cerebral  malaria  (with  coma),  shock, 
acidosis,  and  respiratory  arrest  may  occur  at 
any  age  [2-4]. 


Definition  of  Severe  Malaria 

Severe  malaria  is  generally  defined  as  acute 
malaria  with  high  levels  of  parasitemia  (>5%) 
and/or  major  signs  of  organ  dysfunction 

1.  Altered  consciousness  with  or  without 
convulsions 

2.  Use  of  accessory  muscles,  nasal  alar  flaring, 
Tachypnea. 

3.  Metabolic  acidosis  (plasma  bicarbonate  M 
15  mmol/L  or  whole  blood  lactate 
>5  mmol/L) 

4.  Circulatory  collapse 

5.  Pulmonary  edema  or  acute  respiratory  dis¬ 
tress  syndrome  (ARDS) 

6.  Renal  failure,  hemoglobinuria  (“Blackwater 
Fever”) 

7.  Jaundice 

8.  Disseminated  Intravascular  coagulation 

9.  Severe  Anemia 

10.  Hypoglycemia 

Diagnosis 

The  clinician  must  have  a  high  index  of  suspicion 
for  malaria  in  travelers  presenting  with  fever  and 
a  history  of  travel  to  malaria  endemic  regions 
within  the  previous  year  and  especially  in  the 
prior  3  months.  In  uncomplicated  malaria  apart 
from  fever,  patients  usually  present  with  nonspe¬ 
cific  clinical  features.  If  the  diagnosis  of  falci¬ 
parum  malaria  has  been  delayed,  a  seemingly 
well-appearing  patient  may  rapidly  deteriorate 
and  present  with  jaundice,  confusion,  or  seizures 
and  have  a  high  fatality  rate.  Hence,  it  is  critical 
to  make  a  rapid  and  accurate  diagnosis  when 
malaria  is  suspected  clinically  [3,  4]. 

Microscopy  is  the  gold  standard  and  preferred 
option  for  the  diagnosis  of  malaria.  In  most  cases 
the  examination  of  thin  and  thick  blood  films  will 
reveal  Malaria  parasites  (Figs.  57.3  and  57.4). 

Thick  films  are  more  sensitive  to  detect  low  lev¬ 
els  of  parasitemia.  In  general  the  greater  the  para¬ 
site  density  in  the  peripheral  blood,  the  higher 
likelihood  that  severe  disease  is  present  or  will 
develop,  especially  in  immunocompromised 
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Fig.  57.2  (a,  b)  Ecchymosis  from  thrombocytopenia 


Table  57.1  Top  illnesses  in  returning  travelers 


Diagnosis 

% 

1.  Systemic  Illnesses 

35 

Malaria 

21 

Malaria  due  to  P  Falciparum 

14 

Malaria  due  to  P  Vivax 

6 

Malaria  due  to  other  species 

2 

Dengue 

6 

Salmonella  enterica  serovar 
Typhi  or  paratyphi 

2 

Rickettsia 

2 

2.  Acute  diarrhea 

15 

3.  Respiratory  illness 

14 

4.  Genitourinary  diseases 

4 

5.  Gastro  intestinal  illness 

4 

From:  Wattal  and  Goel  [22].  Reprinted  with  permission 
from  Elsevier  Limited 


patients.  Thick  smears  are  more  sensitive  diagnos¬ 
tically  but  the  thin  smear  subsequently  helps  in 
determining  the  malaria  species  and  the  level  of 
parasitemia  (the  percentage  of  a  patient’s  red  blood 
cells  that  are  infected  with  malaria  parasites). 

Clinical  Management 
General  Principles 

Most  of  the  time  uncomplicated  malaria  have  a 
good  prognosis  with  a  fatality  case  less  0.1%. 
Uncomplicated  malaria  caused  by  P.  ovale , 
P.  vivax ,  and  P.  malariae  can  usually  be  managed 


Table  57.2  Incubation  period  of  various  diseases  poten¬ 
tially  encountered  in  returning  travelers 


Incubation 

period 

Diseases 

<7  days 

Common:  Malaria,  Traveler’s  diarrhea, 
dengue,  enteric  fever,  respiratory  tract 
infection 

Others:  rickettsiosis,  leptospirosis, 
meningitis,  yellow  fever,  arbovirus, 
meningococcal 

7-21  days 

Common:  Malaria,  enteric  fever 

Others:  rickettesioses,  viral  hepatitis, 
leptospirosis,  HIV,  Q  Fever,  brucellosis, 
African  Trypanosomiasis 

>21  days 

Common:  Malaria,  Enteric  Fever 

Others:  tuberculosis,  hepatitis  B  virus, 
bacterial  endocarditis.  HIV,  Q  fever, 
brucellosis,  amebic  liver  diseases, 
melioidosis. 

From:  Wattal  and  Goel  [22].  Reprinted  with  permission 
from  Elsevier  Limited 


with  oral  drugs  on  an  outpatient  basis,  unless  a 
patient  has  other  comorbidities  or  is  unable  to 
take  drugs  orally  [4,  5]. 

Due  to  little  immunity  against  these  infec¬ 
tions,  P.  falciparum  infections  in  travelers  can 
rapidly  progress  to  severe  illness  or  death  in  as 
little  as  1-2  days,  so  prompt  assessment  and  ini¬ 
tiation  of  antimalarial  therapy  is  essential. 
Patients  should  be  evaluated  with  attention  to 
findings  consistent  with  malaria  as  well  as  addi¬ 
tional  and/or  alternative  causes  of  presenting 
symptoms.  Of  primary  importance  in  the 
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Fig.  57.3  P  falciparum  on  thick  smear  (From:  Centers  Fig.  57.4  P.  falciparum  on  thin  smear  (From:  Centers  for 
for  Disease  Control  and  Prevention  (CDC)  [23])  Disease  Control  and  Prevention  (CDC)  [23]) 


treatment  of  malaria  is  the  provision  of  prompt, 
effective  therapy  and  concurrent  supportive  care 
to  manage  life-threatening  complications  of  the 
disease.  Supportive  measures,  such  as  fluid  man¬ 
agement,  oxygen,  ventilatory  support,  cardiac 
monitoring,  and  pulse  oximetry,  should  be  insti¬ 
tuted  as  needed.  During  this  time,  intravenous 
access  should  be  obtained  immediately.  Point- 
of-care  testing  can  be  used  for  rapid  determina¬ 
tion  of  hematocrit  [packed  cell  volume  (PC  V)  or 
hemoglobin  (HemoCue)],  glucose,  and  lactate. 
Parasitemia  can  also  be  determined  quickly  but 
requires  a  microscope.  Additional  tests  can  be 
done  if/when  indicated:  electrolytes,  full  blood 
count,  type  and  cross,  blood  culture,  and  clotting 
studies.  Unconscious  patients  should  have  a 
lumbar  puncture  to  rule  out  concomitant  bacte¬ 
rial  meningitis  in  the  absence  of  contraindica¬ 
tions  (i.e.,  papilledema).  These  tasks  should 
overlap  with  institution  of  antimalarial  treatment 
as  well  as  other  ancillary  therapies  as  needed 
(including  anticonvulsants,  intravenous  glucose 
and  fluids,  antipyretics,  antibiotics,  and  blood 
transfusion)  [6,  7]. 

Repeat  clinical  assessments  should  be  per¬ 
formed  every  2-4  h  for  prompt  detection  and 
management  of  complications  in  an  intensive 
care  setting,  if  possible.  If  the  Glasgow  Coma 


Score  (or  in  children  the  Blantyre  coma  score 
[see  Table  57.3])  decreases  after  initiation  of 
treatment,  investigation  should  focus  on  the 
possibility  of  seizures,  hypoglycemia,  or  wors¬ 
ening  anemia.  Repeat  laboratory  assessments 
of  parasitemia,  hemoglobin/hematocrit,  glu¬ 
cose,  and  lactate  should  be  performed  in  6-h 
intervals.  A  flow  chart  summarizing  the  vital 
information  may  be  used  to  guide  management 
decisions  [6-8]. 

Important  independent  predictors  for  fatality 
among  African  children  with  severe  malaria 
include  acidosis,  impaired  consciousness  (coma 
and/or  convulsions),  elevated  blood  urea  nitro¬ 
gen,  and  signs  of  chronic  disease  (lymphadenop- 
athy,  malnutrition,  candidiasis,  severe  visible 
wasting,  and  desquamation).  Clinical  features 
previously  identified  as  being  poor  prognostic 
features  that  did  not  correlate  with  mortality  in 
this  study  included  age,  glucose  level,  axillary 
temperature,  parasite  density,  and  Blackwater 
Fever  [9-11]. 

Careful  observation  and  thoughtful  responses 
to  changes  in  clinical  status  are  the  most  impor¬ 
tant  elements  in  looking  after  patients  with  severe 
malaria.  Patients  can  make  remarkable  recover¬ 
ies,  and  the  time  and  effort  to  address  the  compo¬ 
nents  of  clinical  care  described  in  the  following 
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Table  57.3  Blantyre  coma  score 


Type  of  response 

Response 

Score 

Best  Motor 

Localize  painful  stimulus 

2 

Withdraws  limbs  from 
pain 

1 

Nonspecific  or  absent 
response 

0 

Verbal 

Appropriate  cry 

2 

Moan  or  innapropiate  cry 

1 

None 

0 

Eye  movements 

Eg:  directed  (follows 
mother’s  face) 

1 

Not  directed 

0 

Total 

0-5 

The  Blantyre  coma  scale  is  a  modification  of  the  Pediatric 
Glasgow  Coma  Scale,  designed  to  assess  malarial  coma  in 
children 

It  was  designed  by  Drs.  Terrie  Taylor  and  Malcolm 
Molyneux  in  1987,  and  named  for  the  Malawian  city  of 
Blantyre,  site  of  the  Blantyre  Malaria  Project 

sections  can  reap  tangible  rewards  in  a  relatively 
short  period  of  time. 

Clinical  evaluation  includes  full  physical 
exam,  a  complete  neurologic  examination,  calcu¬ 
lation  of  Glasgow  or  Blantyre  coma  score 
(Table  57.3),  and  funduscopic  evaluation. 
Malarial  retinopathy  is  pathognomonic  for  cere¬ 
bral  malaria  in  patients  who  satisfy  the  standard 
clinical  case  definition  (Fig.  57.5). 

Patients  with  altered  sensorium  should  undergo 
lumbar  puncture  (in  the  absence  of  contraindica¬ 
tions)  to  exclude  concomitant  bacterial  meningi¬ 
tis.  If  clinical  instability  or  papilledema  on  ocular 
fundus  examination  preclude  lumbar  puncture, 
presumptive  antibiotic  therapy  for  bacterial  men¬ 
ingitis  should  be  initiated.  Usual  findings  are: 
mean  opening  pressure  about  16  cm  of  CSF, 
slightly  elevated  total  protein  level  and  cell  count. 


Antimalarial  Therapy  (See  Treatment 
Table  57.4) 

Monitoring  Parasite  Density 

Parasitemia  should  be  monitored  during  treat¬ 
ment  to  confirm  adequate  response  to  therapy. 
The  CDC  recommends  daily  repeat  blood  smear 


Fig.  57.5  Photograph  of  the  retina  in  patient  with 
malaria,  which  shows  exudates  ( arrowheads ),  hemor¬ 
rhages  {thick  arrows )  and  changes  in  the  color  of  the 
blood  vessels  {thin  arrows )  (From  Mishra  and  Newton 
[24].  Reprinted  with  permission  from  Nature  Publishing 
Group) 

to  document  declining  parasite  density  until  neg¬ 
ative  or  until  treatment  day  7  (if  discharged  prior 
to  complete  parasitemia  clearance).  During  treat¬ 
ment  of  severe  malaria,  parasite  density  should 
be  monitored  every  12  h  during  the  first  2-3  days 
or  until  negative;  some  recommendations  suggest 
switching  from  parenteral  to  oral  therapy  as  toler¬ 
ated  after  parasitemia  falls  below  1  %  [10,  11]. 


Respiratory  System 

Hypoxemia  and  rales  are  not  common  in  the  set¬ 
ting  of  severe  malaria;  the  presence  of  either 
should  raise  suspicion  for  a  concomitant  lower 
respiratory  tract  infection.  Pulmonary  edema 
may  develop,  particularly  in  the  settings  of  renal 
impairment  or  severe  malarial  anemia.  Acute 
respiratory  distress  syndrome  (ARDS)  can  also 
complicate  severe  malaria. 

Deep  breathing  (Kussmaul  respirations)  is  a 
clinical  indicator  of  metabolic  acidosis  and  is 
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Table  57.4  (continued) 
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associated  with  a  worse  outcome  in  patients  with 
falciparum  malaria  [10,  11]. 

Neurologic  Involvement 

The  standard  clinical  case  definition  of  cerebral 
malaria  includes  the  following  criteria: 

1.  Blantyre  coma  score  <2 

2.  P.  falciparum  parasitemia  (any  density) 

3.  No  other  identifiable  cause  of  coma  (e.g., 
hypoglycemia,  meningitis,  or  a  post-ictal  state) 

The  histologic  hallmark  of  cerebral  malaria  is 
cerebral  sequestration  of  parasitized  erythrocytes. 

Establishing  whether  retinopathy  is  present  is 
an  important  marker  for  cerebral  malaria.  In  the 
absence  of  this  finding,  alternative  causes  for 
coma  (such  as  bacterial  infection)  should  be  pur¬ 
sued  and  treated,  even  in  the  presence  of  estab¬ 
lished  malaria  infection  [11,  12]. 

Seizure  Management 

Seizures  occur  in  up  to  70%  of  children  with 
severe  malaria;  subclinical  seizures  occur  in 
15-20  %  of  cases.  Seizures  may  be  generalized  or 
focal,  and  the  clinical  signs  may  be  subtle  (nys¬ 
tagmus,  irregular  respirations,  hypoventilation, 
or  a  drop  in  the  Blantyre  coma  score).  It  is  also 
important  to  evaluate  for  causes  of  seizure  besides 
cerebral  malaria  (e.g.,  hypoglycemia,  fever)  and 
to  treat  accordingly  as  outlined  in  the  following 
sections. 

Benzodiazepines  are  useful  first-line  agents 
for  seizure  treatment.  Diazepam  (0.4  mg/kg)  can 
be  administered  intravenously  or  per  rectum; 
lorazepam  (0.1  mg/kg)  can  be  administered  intra¬ 
venously  or  intraosseously.  These  doses  can  be 
repeated  once  if  seizures  do  not  cease  within  five 
minutes  of  the  initial  dose.  Benzodiazepines 
should  not  be  combined  due  to  risk  of  respiratory 
depression.  If  seizures  are  not  controllable  with 
benzodiazepines,  other  options  include  pheno- 
barbitone  (phenobarbital  15-20  mg/kg,  slow  IV 
push)  or  phenytoin  (18  mg/kg  diluted  in  100  mL 
normal  saline,  infused  over  20  min). 


If  seizures  recur,  repeat  single  doses  of  benzo¬ 
diazepine  may  be  administered.  Alternatively, 
maintenance  doses  of  phenobarbital  (5-15  mg/ 
kg/day,  administered  orally,  via  NG  tube,  or  via 
slow  IV  push  in  divided  doses  every  12  h)  or  phe¬ 
nytoin  (10  mg/kg/day  IV  in  divided  doses  every 
12  h)  may  be  initiated. 

Paraldehyde  was  used  as  an  intramuscular 
injection  to  treat  seizures  in  the  setting  of  severe 
malaria  (0. 2-0.4  mL/kg);  its  chief  advantage  is 
that  it  does  not  cause  respiratory  suppression. 
The  cost  of  this  agent  has  increased  dramatically, 
and  it  is  therefore  out  of  reach  for  many  formular¬ 
ies  in  malaria-endemic  areas. 

Patients  with  severe  malaria  should  not  receive 
routine  seizure  prophylaxis  in  the  absence  of 
clinical  seizure  activity  [12-14]. 

Anemia  and  Coagulopathy 

Severe  hemolysis,  which  is  mainly  extravascular, 
occurs  in  hyperparasitemic  falciparum  malaria. 
Removal  of  both  infected  and  uninfected  erythro¬ 
cytes  from  the  circulation,  mainly  by  the  spleen, 
is  associated  with  rapid  development  of  anemia. 
Patients  with  severe  anemia  may  present  with  or 
without  altered  consciousness;  in  addition,  severe 
anemia  has  been  associated  with  long-term  neu- 
rocognitive  impairment.  In  endemic  areas  hemo¬ 
globin  concentration  may  decrease  gradually 
over  the  course  of  repeated  malaria  infections.  As 
a  result,  patients  can  be  fully  alert  with  hemoglo¬ 
bin  concentrations  of  2-3  g/dL  (hematocrit 
<10  %).  Evaluation  for  pallor  of  the  conjunctivae, 
nail  beds,  and  palms  can  provide  a  rough  estimate 
of  the  degree  of  anemia,  since  blood  vessels  in 
these  areas  are  close  to  the  surface. 

Hemoglobin  concentration  and  hematocrit  are 
routinely  measured  components  of  complete 
blood  counts,  but  this  may  not  be  available  in 
resource-limited  settings  or  the  results  may  not 
be  available  in  a  timely  manner.  In  such  circum¬ 
stances  the  hematocrit  can  be  measured  on  a  fin- 
gerprick  sample  of  blood  collected  into  a 
heparinized  capillary  tube  and  centrifuged  using 
a  mechanical  device.  Alternatively,  the  hemoglo¬ 
bin  concentration  can  be  determined  from  finger- 
prick  samples  of  blood  collected  into  cuvettes. 
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This  method  is  more  expensive  than  manually 
spinning  a  hematocrit,  but  can  be  performed 
readily  near  the  bedside. 

Clinically  evident  disseminated  intravascular 
coagulation  in  the  setting  of  severe  malaria  is  rare 
(<5  %),  but  profound  thrombocytopenia  is  com¬ 
mon,  and  the  microcirculation  in  many  organs  is 
occluded  by  fibrin  thrombi  [15,  16]. 

Blood  Products 

Blood  products  should  be  administered  in 
patients  with  dire  prognoses,  i.e.,  patients  with 
altered  consciousness,  high  output  heart  failure, 
respiratory  distress,  a  cool  periphery,  hyperlacta- 
temia,  and/or  high  density  parasitemia. 
Laboratory  parameters  of  concern  include  low 
hemoglobin  concentration  (<4-5  g/dL)  or  low 
hematocrit  (<10-15  %).  The  degree  of  anemia 
and  the  level  of  parasitemia  may  be  useful  param¬ 
eters  for  predicting  the  need  for  a  blood  transfu¬ 
sion  and  for  determining  the  volume  of  blood  to 
transfuse.  In  general,  10  mL/kg  of  packed  red 
blood  cells  or  20  mL/kg  of  whole  blood  trans¬ 
fused  over  2-4  h  is  appropriate.  Blood  should  be 
typed  and  crossmatched  prior  to  infusion. 

Blood  transfusions  are  generally  well- 
tolerated  in  the  setting  of  severe  malaria,  since 
patients  are  relatively  hypovolemic;  diuretics  are 
rarely  needed.  Monitoring  of  hemoglobin  con¬ 
centration  or  hematocrit  should  continue  until  the 
parasitemia  clears,  since  repeat  transfusion  may 
be  required  [16]. 

Hypoglycemia 

Defined  as  blood  glucose  <40  mg/dL  or 
<2.2  mmol/L),  hypoglycemia  is  a  common  com¬ 
plication  of  malaria  and  a  marker  of  severe 
disease.  It  should  be  suspected  in  any  patient  who 
is  comatose  or  who  deteriorates  suddenly. 

The  pathogenesis  of  hypoglycemia  is  not  fully 
understood;  it  may  be  related  to  parasite  glucose 
consumption  and/or  impaired  host  gluconeogene- 
sis.  Malnutrition,  adrenal  insufficiency,  and  hyper- 
insulinemia  are  not  likely  causes  of  hypoglycemia. 
In  addition  to  primary  hypoglycemia,  administra¬ 
tion  of  quinine  or  quinidine  (insulin  secretagogues) 
can  cause  iatrogenic  hypoglycemia.  Hypoglycemia 


with  artesunate  therapy  is  less  common  than  with 
quinine  or  quinidine. 

Patients  presenting  with  normoglycemia  can 
develop  hypoglycemia  during  the  course  of  treat¬ 
ment.  When  determining  maintenance  intravenous 
fluids,  the  clinician  should  consider  the  possibility 
of  hypoglycemia  and  use  glucose  containing  solu¬ 
tions.  In  addition,  those  managed  promptly  for 
hypoglycemia  at  presentation  can  have  subsequent 
recurrent  hypoglycemia.  Therefore,  blood  glucose 
should  be  monitored  closely  during  the  course  of 
illness  with  prompt  management  as  outlined 
above.  Patients  with  recurrent  hypoglycemia 
should  receive  10%  dextrose.  Ten  percent  dex¬ 
trose  can  be  prepared  quickly  by  withdrawing 
100  mL  from  a  one  liter  bag  of  a  5  %  dextrose 
solution  and  replacing  it  with  100  mL  of  a  50% 
dextrose  solution  [15-17]. 

Volume  Management 

Adults  with  malaria  appear  to  be  more  vulnerable 
to  fluid  overload  than  children.  There  is  a  fine 
line  between  under  hydration,  and  thus  worsen¬ 
ing  renal  impairment,  and  over  hydration,  risking 
pulmonary  and  cerebral  edema.  Hence,  fluid 
requirements  should  be  assessed  on  an  individual 
basis,  using  commonly  employed  tools  such  as 
delayed  capillary  refill,  low  central  venous  pres¬ 
sure,  and  low  urine  output.  Deep  breathing, 
reflecting  lactic  acidosis,  may  also  be  a  reason¬ 
able  indicator  of  hypovolemia  [16,  17]. 

Nutrition 

Nutritional  supplementation  should  be  provided 
by  nasogastric  tube  (NG)  for  patients  with  pro¬ 
longed  coma  who  are  unable  to  eat  and  drink 
within  24-48  h. 

Fever 

High  fevers  (>38.5  °C)  are  common  in  the  setting 
of  malaria  infection  and  may  reflect  the  host 
response  to  endogenous  pyrogens  released  at  the 
time  of  schizont  rupture.  The  optimal  approach  to 
treatment  of  fever  is  uncertain,  although  use  of 
antipyretics  in  patients  with  high  fever  is 
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appropriate  given  the  association  between  high 
fever  and  convulsions.  Aggressive  temperature 
control  may  help  reduce  long-term  neurologic 
outcomes  in  pediatric  patients  with  retinopathy¬ 
positive  cerebral  malaria. 

Paracetamol  (acetaminophen);  15  mg/kg 
every  6  h;  maximum  dose  1000  mg)  is  a  reason¬ 
able  antipyretic  agent;  oral  therapy  can  be  used 
for  patients  able  to  swallow.  Otherwise,  supposi¬ 
tory  formulations  are  acceptable.  If  fever  persists, 
ibuprofen  (10  mg/kg  every  6  hours;  maximum 
dose  1,200  mg  per  day)  can  be  administered 
(orally,  via  nasogastric  tube,  or  intravenously) 
alone  or  on  an  alternating  schedule  with 
paracetamol  every  3  h  [17-19]. 

Bacterial  Infection 

Concomitant  bacterial  infection  is  an  important 
contributor  to  morbidity  and  mortality  in  the  set¬ 
ting  of  severe  malaria,  and  severe  anemia  has 
been  implicated  as  a  primary  risk  factor  for  non- 
typhoidal  Salmonella  septicemia.  Bacterial  infec¬ 
tion  should  be  suspected  in  patients  with  severe 
anemia  together  with  signs  or  symptoms  of  sep¬ 
sis  (hypotension,  cool  extremities,  delayed  capil¬ 
lary  refill,  hyperlactatemia).  In  such  cases,  blood 
cultures  should  be  obtained  and  broad  spectrum 
antibiotic  therapy  with  activity  against  gram¬ 
negative  bacilli  should  be  initiated  [18,  19]. 


Evidence  Contour 

Other  Diagnostic  Modalities 

A  major  drawback  of  light  microscopy  is  that  the 
efficiency  of  the  test  depends  on  the  type  and 
quality  of  the  smear,  skill  of  the  technician,  para¬ 
site  density,  and  time  spent  on  examining  the 
smear.  In  addition,  mixed  infections  with  P. 
malariae  or  R  ovale  are  often  missed,  because 
their  densities  are  often  low  in  comparison  to  that 
of  P  falciparum.  These  problems  may  occur  more 
frequently  in  non-endemic  areas  where  malaria 
microscopy  is  performed  infrequently. 


Quantitative  Buffy  Coat 

Quantitative  buffy  coat  (QBC)  is  fluorescent 
microscopy  based  on  the  principle  of  concentrat¬ 
ing  the  red  blood  cell-containing  parasites  within 
a  narrow  zone  by  centrifugation  of  blood  in  capil¬ 
lary  tubes  and  staining  of  malarial  parasite 
nucleic  acid  with  acridine  dyes.  The  sensitivity  of 
QBC  almost  equals  that  of  Giemsa- stained  films. 
The  advantage  of  QBC  is  ease  of  interpretation 
and  rapidity.  Species  identification  and  quantifi¬ 
cation  are  difficult,  however,  with  this  technique 
and,  therefore,  thick  and  thin  blood  film  examina¬ 
tion  is  still  required.  This  technique  requires  the 
use  of  expensive  fluorescent  microscopy  equip¬ 
ment  for  the  interpretation  of  results.  This  is  an 
important  limitation  especially  in  the  poor 
resource  countries  [19]. 

Antigen  Rapid  Detection  Test  (RDT) 

Antigen  detection  RDTs  detect  malaria  antigen 
in  blood  by  immunochromatographic  test  with 
monoclonal  antibodies  directed  against  the  tar¬ 
get  parasite  antigen,  which  is  impregnated  on  a 
test  strip.  The  result  is  usually  obtained  in 
5-20  min.  Currently,  different  combinations  of 
immunochromatographic  tests  are  commer¬ 
cially  available,  targeting  different  genus  spe¬ 
cific  or  species-specific  antigen  for  malaria 
diagnosis.  Some  of  the  commonly  used  antigens 
in  RDTs  are  HRP-2  (P.  falciparum  specific), 
aldolase  (pan-specific),  plasmodium  lactate 
dehydrogenase  (pLDH)  (P.  falciparum  specific), 
pLDH  (P.  vivax-  specific),  and  pLDH  (panspe¬ 
cific)  [19,  20]. 

Serology 

Serology  detection  of  antibodies  against 
malaria  parasites,  using  either  indirect  immu¬ 
nofluorescence  assay  or  ELISA,  does  not  indi¬ 
cate  current  infection  but  rather  measures  past 
exposure.  Therefore,  it  has  no  role  in  diagnosis 
of  acute  infections.  Serology  may  be  used  to 
screen  donors  to  prevent  transfusion-related 
malaria,  however,  and  to  confirm  the  diagnosis 
of  malaria  in  recently  treated  cases  in  which  the 
diagnosis  could  not  be  confirmed  previously 
[19-21]. 
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Molecular  Methods 

Molecular  technologies  have  been  developed  to 
improve  the  diagnosis  of  malaria  by  detecting 
specific  parasite  nucleic  acid.  The  advantage  of 
molecular  methods  is  their  exquisite  sensitivity 
down  to  the  level  of  5  parasites/mL  or  0.0001  % 
parasitemia  [20,  21]. 

Exchange  Transfusion 

Exchange  transfusion  has  been  proposed  as  a 
means  of  removing  infected  red  blood  cells  from 
the  circulation,  thereby  lowering  the  parasite  bur¬ 
den  and  replacing  with  unparasitized  cells.  There 
is  no  evidence  supporting  efficacy  of  exchange 
transfusion  as  adjunctive  therapy  in  severe  malaria, 
and  there  is  no  consensus  on  the  indications, 
approach,  benefits,  or  risks  of  this  procedure. 

The  CDC  no  longer  recommends  exchange 
transfusion  for  treatment  of  severe  malaria,  based 
on  a  review  that  demonstrated  no  differences  in 
outcome  among  patients  who  underwent 
exchange  transfusion;  previously,  the  CDC  rec¬ 
ommended  exchange  transfusion  for  patients 
with  parasite  density  of  >10%  with  end  organ 
complications.  The  WHO  guidelines  indicate 
that  it  is  not  possible  to  make  any  recommenda¬ 
tions  regarding  the  use  of  exchange  transfusion 
based  on  the  available  evidence.  The  American 
Society  for  Apheresis  (ASFA)  supports  exchange 
transfusion  as  an  adjunctive  therapy  for  patients 
with  >10%  parasitemia,  although  its  consider¬ 
ation  of  adverse  events  associated  with  exchange 
transfusion  for  malaria  is  limited  [19-21]. 
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Case  Presentation 

A  25  year  old  male  patient  was  admitted  to  the 
Emergency  Department  with  a  history  of  5  days 
of  acute  onset  fever,  generalized  body  ache, 
myalgias,  arthralgias,  retro-orbital  eye  pain, 
intense  headache,  and  rash  involving  both 
extremities.  The  day  before  his  admission,  the 
patient  started  having  nausea  and  vomiting.  He 
also  had  noticed  bleeding  from  the  gums.  The 
patient  had  no  previous  medical  history.  Ten  days 
before  presentation  he  had  returned  from  a  trip  to 
South  America.  Physical  examination  revealed  a 
temperature  of  39°C,  blood  pressure  of 
80/50  Torr,  heart  rate  of  120  beats/min.  The 
patient  looked  lethargic  but  was  mentally  alert. 
Conjunctival  injection  was  present.  Oral  muco¬ 
sae  was  dry  and  pale  but  had  mild  bleeding  in  the 
gums.  There  was  no  evidence  of  respiratory  dis¬ 
tress.  In  the  abdomen  the  patient  had  generalized 
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abdominal  pain  with  more  intensity  in  the  epigas¬ 
trium  and  a  petechial  rash  on  his  limbs  (Fig.  58.1). 
White  blood  cell  was  reported  to  be  3000  cells/ 
mm3,  with  a  differential  showing  a  predominance 
of  lymphocytes.  Platelet  count  was  reported  of 
30,000. 

Question  What  approach  should  guide  this 
patient  diagnosis? 

Answer  The  abrupt  onset  of  fever  with  myalgias 
and  arthralgias  and  rash  is  suggestive  of  a  viral 
process. 

In  this  case  the  epidemiological  background, 
clinical  symptoms,  leucopenia  and  thrombocyto¬ 
penia  suggests  a  possible  Arbovirus  infection 
called  Chikungunya,  Hemorrhagic  Fever  Viral 
infections,  Feptospirosis,  Rickettsiosis,  Yellow 
fever,  or  possibly  Malaria. 

The  patient  was  initially  managed  with  IV 
crystalloid  administration,  and  having  only  a 
modest  improvement  in  blood  pressured  was 
transferred  to  an  isolation  area  in  the  intensive 
care  unit.  Cultures  and  serological  test  were 
drawn.  EFISA  IgM  test  for  Chikungunya  infec¬ 
tion  was  reported  as  negative,  EFISA  test  for 
Yellow  fever  was  sent  and  pending,  while  an 
EFISA  IgM  test  for  Dengue  was  reported  as  posi¬ 
tive.  A  Chest  x  ray  demonstrated  mild  bilateral 
pleural  effusions,  and  an  abdominal  ultrasound 


©  Springer  International  Publishing  Switzerland  2017 

R.C.  Hyzy  (ed.),  Evidence-Based  Critical  Care ,  DOI  10.1007/978-3-319-43341-7_58 


509 


510 


P.  Arriaga  et  al. 


Fig.  58.1  Petechial  rash  (Courtesy  of  Dr.  Jorge  Hidalgo, 
from  Karl  Heusner  Memorial  Hospital  Belize) 

showed  the  presence  of  a  small  amount  of 
intraabdominal  fluid.  Observation  in  the  ICU 
continued  with  the  monitoring  of  vital  signs  and 
levels  of  platelets  along  with  the  administration 
of  intravenous  fluid  for  the  next  4  days.  The 
patient  improved  symptomatically,  the  petechial 
rash  vanished  and  the  gum  bleeding  stopped. 
Bedside  ultrasound  confirmed  disappearance  of 
pleural  and  intra-abdominal  fluid.  Results  for 
Yellow  fever  test  were  reported  as  negative  and 
the  patient  was  transferred  out  of  ICU  to  the  gen¬ 
eral  medical  ward  the  following  day. 


Classification  of  Dengue  (WHO) 

Dengue  Fever.  Acute  illness  that  manifests 
itself  with  fever  and  two  or  more  of  the 
following:  retroorbital  or  ocular  pain, 
headache,  rash,  myalgia,  arthralgia,  leu- 
copenia  or  hemorrhagic  manifestations 
(gum  bleeding,  epistaxis,  blood  in  urine, 
vomitus  or  stool  or  vaginal  bleeding). 

Dengue  Hemorrhagic  Fever  (DHF):  Fever 
lasting  2-7  days  with  hemorrhagic  man¬ 
ifestations,  thrombocytopenia,  evidence 
of  plasma  leakage,  abnormal  hematocrit 
(increased  in  >20%  above  average  for 
age),  pleural  effusion,  ascites. 

Dengue  Shock  Syndrome  (DSS):  Symptoms 
as  in  DHF  plus  a  hypotension  with  fast 
and  weak  pulse,  narrow  pulse  pressure, 
and  cold  clammy  skin  [1,2]. 


Phases  of  Illness  and  Diagnosis 


Principles  of  Management 

Dengue  is  one  of  the  most  rapidly  spreading  mos¬ 
quito  borne  viral  diseases  in  the  world.  An  esti¬ 
mated  50-million  dengue  infections  occur 
annually  in  the  world.  Dengue  is  endemic  in  at 
least  100  Countries  in  Asia,  the  Pacific,  the 
Americas,  Africa  and  the  Caribbean.  This  tropi¬ 
cal  disease  is  caused  by  the  dengue  virus,  a  single 
stranded,  positive  sense  RNA  virus,  which  has 
four  different  serotypes  (DEN- 1-4)  that  belong 
to  genus  Flavivirus,  family  Flaviviridae.  Infection 
with  one  serotype  does  not  protect  against  the 
others,  and  reinfection  with  a  different  serotype 
puts  the  patient  at  risk  of  severe  disease.  The  dis¬ 
ease  is  transmitted  by  the  bite  of  infected  mosqui¬ 
toes  of  the  genus  Aedes,  mostly  A  aegypti  and  A 
albopictus.  Symptoms  usually  begin  4-7  days 
after  the  mosquito  bite  and  last  between  3  and  10 
days  [1-4]. 

According  to  WHO  Dengue  is  classified  as 
follows:  Dengue  Fever  (DF),  Dengue  hemor¬ 
rhagic  fever  (DHF)  and  Dengue  Shock  Syndrome 
(DSS). 


After  the  incubation  period  the  disease  has  an 
abrupt  onset  and  three  phases  have  been 
described:  febrile,  critical  and  recovery. 

Febrile  phase  lasts  typically  2-7  days  with  the 
classical  symptoms  described  above  and  mild 
hemorrhagic  manifestations;  a  Rumpel  Leede 
test/Tourniquet  test  can  be  positive  (Fig.  58.2). 

Critical  Phase  Usually  on  days  3-7  of  illness, 
the  temperature  drops  to  38  °C,  there  is  increase 
in  capillary  leakage,  lasting  24-48  h.  Shock 
occurs  when  a  critical  volume  of  plasma  is  lost 
and  usually  is  preceded  by  warning  signs  such  as 
vomiting  and  abdominal  pain,  with  or  without 
respiratory  distress,  in  some  patients  organ  hypo¬ 
perfusion  produces  progressive  organ  impair¬ 
ment  with  metabolic  acidosis  and  disseminated 
intravascular  coagulation. 

If  the  patient  survives  the  critical  phase,  a 
gradual  reabsorption  of  fluid  from  the 
extravascular  compartment  takes  place.  The 
general  condition  of  the  patient  improves  with 
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Fig.  58.2  How  to  do  a  tourniquet  test.  (1)  Take  the 
patient’s  blood  pressure  and  record  it,  for  example, 
100/70.  (2)  Inflate  the  cuff  to  a  point  midway  between 
SBP  and  DBP  and  maintain  for  5  min  (100  +  70)  + 
2  =  85  mmHg.  (3)  Reduce  and  wait  2  min.  (4)  Count 
petechiae  below  antecubital  fossa.  A  positive  test  is  ten 
or  more  petechiae  per  1  square  inch  (Courtesy  of  Dr. 
Jorge  Hidalgo,  from  Karl  Heusner  Memorial  Hospital 
Belize) 


stabilization  of  the  hemodynamic  status  mark¬ 
ing  the  recovery  phase  of  the  disease.  During 
the  febrile  phase,  detection  of  viral  nucleic 
acid  in  serum  using  RT-PCR,  or  detection  of 
the  virus  expressed  soluble  nonstructural  pro¬ 
tein  1  (NS1)  or  an  ELISA  IgM  test  positive  are 
sufficient  for  a  confirmatory  test  or  if  there  is 
IgM  seroconversion  in  paired  sera  [1,  2,  5]. 

Supportive  Treatment 

There  is  no  specific  treatment  for  Dengue.  The 
management  of  patients  with  Dengue  consists  of 
providing  support  treatment  to  maintain  the 
hemodynamic  status  through  hydration  and  anti¬ 
pyretics.  Because  of  the  possible  hemorrhagic 
manifestations  the  use  of  nonsteroidal  anti¬ 
inflammatory  medications  is  usually  contraindi¬ 
cated  [1-5]. 


Evidence  Contour 

Volume  Replacement 

Isotonic  crystalloid  should  be  used,  reassessing  the 
patient’s  vital  signs  and  monitoring  levels  of  hema¬ 
tocrit  every  6-8  h.  If  the  hematocrit  increases  or  is 
high  the  additional  administration  of  intravenous 
should  be  considered  (10-20  cc/kg  for  1  h).  If  the 
hematocrit  decreases  compared  to  the  previous 
value  (less  than  40  %  in  children  and  female  adults 
or  less  than  45  %  in  male  adults)  it  is  likely  a  signifi¬ 
cant  blood  loss  has  occurred  and  transfusion  with 
fresh  whole  blood  should  be  initiated.  Urine  output 
should  be  checked  every  hour.  Bleeding  usually 
occurs  after  a  period  of  prolonged  shock  that  is  pre¬ 
ceded  by  plasma  leakage,  during  which  the  hemato¬ 
crit  increases  to  relative  high  values  before  the  onset 
of  severe  bleeding.  When  this  occurs,  the  hemato¬ 
crit  will  decrease  from  this  high  level.  This  can 
explain  why  the  hematocrit  levels  may  not  be  as  low 
as  in  the  absence  of  plasma  leakage  [1,  2,  4,  5]. 

Other  Aspects  of  Care 

Thrombocytopenia  can  be  severe  in  some  cases 
reaching  sometimes  levels  of  less  than  1000  but 
there  is  no  evidence  to  support  transfusion  of 
platelets  and  of  fresh  frozen  plasma  for  severe 
hemorrhagic  manifestations. 

Close  monitoring  of  glucose  levels  is  recom¬ 
mended  as  patients  can  become  hypoglycemic. 
There  is  no  evidence  for  the  use  of  steroids  in  the 
treatment  of  patients  with  Dengue  [1-5]. 
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Case  Presentation 

A  54  years  old  female  patient  was  admitted  to  the 
emergency  department  with  5  days  of  high  fever 
and  chills  which  were  associated  with  severe 
arthralgia,  myalgia,  anorexia  and  malaise.  The 
patient  complained  of  severe  pain  affecting  both 
hands,  elbows,  and  knee  joints  with  slight  swell¬ 
ing  on  her  hands.  The  joint  pain  was  incapacitat¬ 
ing  and  she  was  not  able  to  walk  without 
assistance.  Two  days  after  the  onset  of  fever  she 
had  noticed  a  maculopapular  rash  in  her  torso  and 
both  extremities  (Fig.  59.1).  She  also  reported  the 
onset  of  vomiting  and  weakness  at  that  time.  The 
patient  had  a  history  of  travelling  to  the  Caribbean 
Islands  1  week  before  presentation.  At  the  time  of 
admission  to  the  hospital,  the  patient  looked 
dehydrated  and  had  a  temperature  of  39.5  C,  a 
heart  rate  of  115  beats  per  minute,  and  a  blood 
pressure  of  90/50  mmHg.  On  laboratory,  her 
CBC  showed  a  platelet  count  of  95,000/mm3  and 
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a  white  blood  cell  count  of  3500/mm3  with  pre¬ 
dominance  of  lymphocytes.  Blood  chemistries 
demonstrate  an  elevated  SGOT  (75  U/L)  and 
SGPT  (125  U/L). 

Question  What  diagnostic  approach  should  be 
undertaken? 

Answer  The  presence  of  fever  and  arthralgias  is  a 
common  clinical  presentation  in  viral  infections. 
In  patients  from  tropical  areas  or  with  an  appropri¬ 
ate  travel  history  diseases  sharing  these  symptoms 
include:  Malaria,  Rickettsiosis,  Leptospirosis, 
Dengue,  Chikungunya,  and  Group  A  Streptococcal 
infections.  Early  diagnosis  of  these  conditions  is 
based  on  a  high  index  of  clinical  suspicion  due  to 
epidemiologic  considerations  (travel  history, 
exposure,  etc.)  and  the  clinical  presentation. 

In  this  case,  the  history  of  recent  traveling  to 
the  Caribbean  and  the  abrupt  onset  fever  with 
arthralgias  and  maculopapular  rash  serves  to  sug¬ 
gest  certain  diagnostic  possibilities:  Malaria, 
Chikungunya,  Dengue  and/or  Leptospirosis. 
Thrombocytopenia  and  leucopenia  are  also  sug¬ 
gestive  of  a  viral  process.  The  main  laboratory 
finding  in  Chikungunya  infection  is  lymphope¬ 
nia,  and  is  associated  with  viremia  when  the 
lymphocyte  count  is  less  than  1000  per  cubic  mil¬ 
limeter.  Elevation  of  liver  function  tests  are  also 
reported,  with  SGOT  and  SGPT  values  elevated 
up  to  1.5  times  de  normal  level  in  up  to  50%  of 
cases  [1-8]. 
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Fig.  59.1  Maculopapular  rash  (Courtesy  of  Dr.  Jorge 
Hidalgo,  from  Karl  Heusner  Memorial  Hospital  Belize) 

From  the  clinical  point  of  view  the  presence  of 
symmetrical  arthritis,  fever  and  a  maculopapular 
rash  in  this  patient  are  strongly  suggestive  of 
Chikungunya  infection.  An  array  of  optic  symp¬ 
toms  can  develop,  most  commonly  anterior  uveitis, 
but  conjunctivitis,  even  with  injection  similar  to 
Leptospirois,  may  develop  (Fig.  59.2)  [9].  In 
patients  with  Dengue  Fever  the  presence  of  arthritis 
is  not  as  common,  whereas  hemorrhagic  manifes¬ 
tations  and  shock  are  more  frequent  when  com¬ 
pared  to  patients  with  Chikungunya.  Table  59.1 
compares  the  presentation  of  Chikungunya  to  that 
of  Dengue. 

The  patient  was  initially  managed  with  IV 
crystalloid  administration  in  the  emergency 
department.  After  a  bolus  of  20  cc/Kg  her  blood 
pressure  returned  to  normal.  Acetaminophen  was 
used  to  control  her  temperature  and  arthralgias. 
Tests  for  serology  were  drawn.  ELISA  IgM  for 
Chikungunya  infection  was  reported  as  positive, 
ELISA  IgM  for  Dengue  and  Leptospirosis  were 
reported  as  negative.  Tests  for  malaria  were  also 
reported  negative.  The  patient,  already  stable, 


Fig.  59.2  Conjunctivitis  (Courtesy  of  Dr.  Jorge  Hidalgo, 
from  Karl  Heusner  Memorial  Hospital  Belize) 


Table  59.1  Clinical  and  laboratory  features  of 
Chikungunya  virus  infections  compared  with  Dengue 
virus  infections 


Chikungunya 

Dengue 

Fever  (>39°) 

+++ 

++ 

Arthralgia 

+++ 

+/- 

Arthritis 

+ 

— 

Headache 

++ 

++ 

Rash 

++ 

+ 

Myalgia 

+ 

++ 

Hemorrhage 

+/- 

++ 

Shock 

— 

+ 

Lymphopenia 

+++ 

++ 

Neutropenia 

+ 

+++ 

Thrombocytopenia 

+ 

+++ 

Hemoconcentration 

— 

++ 

(http://www.cdc.gov/chikungunya/pdfs/CHIKV 

DengueEndemic.pdf) 


was  admitted  to  the  hospital  and  4  days  later  was 
discharged  home  [1-3,  6]. 


Principles  of  Management 
Diagnosis 

Chikungunya  infection  is  caused  by  a  RNA  virus 
that  belongs  to  the  Alphavirus  genus  in  the  family 
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Togaviridae,  that  encodes  four  nonstructural  pro¬ 
teins  and  three  main  structural  proteins:  the  cap¬ 
sid  and  two  envelope  glycoproteins,  El  and  E2 
which  forms  spikes  in  the  virion  surface,  E2  initi¬ 
ates  cell  entry  through  endocytosis  and  El  initi¬ 
ates  the  release  of  nucleocapsids  into  the  host  cell 
system  [2]. 

The  name  Chikungunya  is  derived  from  the 
Makonde  language  used  in  the  Southeast  area  of 
Tanzania,  which  means:  “That  which  bends  up” 
this  is  due  to  the  severity  of  the  joint  pain  and 
the  posture  that  patients  acquired  during  the  dis¬ 
ease.  The  virus  is  transmitted  in  humans  follow¬ 
ing  the  bite  by  the  mosquito  species  Aedes 
aegypti ,  and  Aedes  albopictus.  Fever  is  present 
in  70-90%  of  cases.  Arthralgias  have  been 
reported  in  more  than  60  %  of  cases  and  can  last 
up  to  36  months  after  the  acute  infection.  A 
maculopapular  rash  is  present  in  up  to  50%  of 
patients  and  usually  affects  trunk  and  extremi¬ 
ties  (Fig.  59.1)  [1,  6].  Atypical  presentations  of 
the  disease  have  been  described,  with  neurologi¬ 
cal  signs,  pancreatitis,  and/or  hepatitis  which 
usually  affect  neonates,  elderly  people  and 
patients  with  co-morbidities  such  as  diabetes  or 
renal  failure  [1,  2,  4]. 

The  gold  standard  test  for  diagnosing 
Chikungunya  infection,  a  viral  culture,  is  often 
is  not  done  due  its  difficulty,  availability  and  its 
time  consuming  nature.  Alternatively  and 
ELISA  for  IgM  antibodies  can  be  obtained. 
Antibodies  levels  are  present  after  the  fourth 
day  and  reach  the  highest  level  3-5  weeks  after 
the  clinical  onset  and  can  persist  elevated  for 
about  2  months  [1-3]. 

Volume  Management 

Adequate  venous  access  must  be  guaranteed  for 
volume  resuscitation,  when  hypovolemia  and 
sepsis  is  suspected.  Two  large  bore  (16  gauge) 
intravenous  lines  should  be  placed  if  possible  to 
allow  for  administration  of  fluids.  An  infusion  of 
300-500  cc  of  fluid  is  administered  during  a 
period  of  20-30  min  [7,  8].  Fluids  to  control 


hypotension  must  be  infused  rapidly  to  induce  a 
fast  response,  and  as  with  other  shock  patients, 
the  use  of  bedside  ultrasound  can  be  of  additional 
help  to  quantify  the  degree  of  deficit  and  for  fur¬ 
ther  replacement  guidance  using  measurements 
of  the  diameter  of  the  inferior  vena  cava  before 
and  after  the  bolus  or  using  the  passive  leg  raising 
method  [10,  11]. 


Evidence  Contour 
Epidemiology 

Weaver  and  Lecuit  published  a  map  showing  ori¬ 
gin,  spread,  and  distribution  of  Chikungunya 
virus  [2].  Most  Caribbean  islands  have  reported 
local  transmission  of  the  virus  (Fig.  59.3). 

Presently,  Chikungunya  has  been  reported  in 
travelers  returning  to  the  United  States  in  all 
states  except  Alaska,  Wyoming  and  North 
Dakota.  It  has  been  recently  reported  autochtho- 
nously  in  the  Florida  Keys.  It  is  likely  that  the 
virus  will  increase  its’  reach  in  North  America  in 
the  coming  years. 

Treatment 

There  is  no  specific  antiviral  medication  for 
Chikungunya  infection.  During  the  acute  period 
of  the  disease  the  management  should  be  to 
provide  supportive  treatment  to  maintain  the 
hemodynamic  status  through  hydration  and 
antipyretics.  The  use  of  nonsteroidal 
anti-inflammatory  medications  must  be  consid¬ 
ered  only  after  the  diagnosis  of  an  infection  with 
Dengue  has  been  ruled  out.  There  have  been 
reports  of  patients  suffering  from  the  two  diseases 
at  the  same  time  in  endemic  areas  [1,6,  12]. 

After  a  period  of  more  or  less  10  days  most 
patients  will  see  an  improvement,  but  some  of 
them  will  have  a  post  viral  reactive  arthritis  that 
can  relapse  with  symptoms;  this  defines  the 
beginning  of  the  chronic  phase  of  the  disease  that 
can  persist  for  more  than  3  months  [13-15]. 
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Fig.  59.3  2004  map  showing  islands  where  Chikungunya  has  been  transmitted  to  inhabitants.  From:  http://www.carib- 
bean360.com/news/this-is-a-sobering-statistic-on-the-spread-of-chikugunya-across-the-caribbean  ( Credit  cdc.gov ) 
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Case  Presentation 

A  32  years  old  male  patient,  who  recently  went 
into  a  camping  trip  and  who  had  a  history  of 
swallowing  water  while  swimming  in  a  pool,  was 
admitted  to  the  hospital  with  the  complaints  of 
weakness,  cough,  bloody  sputum,  generalized 
jaundice  (Fig.  60.1),  ecchymosis  and  dark  urine 
(Fig.  60.2).  At  presentation  to  the  hospital  the 
patient  was  found  to  have  conjunctival  suffusion 
(Fig.  60.3)  acute  renal  failure,  and  bilateral  lung 
infiltrates.  On  laboratory  examination  his  WBC 
was  16,000  with  78  %  neutrophils,  and  22  %  lym- 
phocites.  His  Platelet  count  was  45,000.  Liver 
chemistries  showed  an  SGOT:  102;  SGPT:  110, 
Total  bilirubin  2.3  with  an  indirect  of  8;  alkaline 
Phosphatase:  120,  albumin:  3.2.  PT:  18  PTT:  32. 
Creatinine  was  7.3  with  a  BUN:  90.  After  collec¬ 
tion  of  blood,  urine  and  sputum  cultures  and 
serum  samples  for  serological  tests,  intravenous 
ceftriaxone  and  ciprofloxacin  were  administered 
and  the  patient  was  placed  on  renal  replacement 
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therapy.  None  of  the  cultures  yielded  pathogenic 
microorganisms. 

Question  What  is  the  diagnosis? 

Answer  Leptospirosis  (Weil’s  Disease) 

Microscopic  agglutination  test  (MAT)  was 
applied  to  two  serum  samples  which  were  col¬ 
lected  with  a  10  days  interval.  The  first  serum 
sample  revealed  antibody  positivity  at  1/200  titer 
against  Leptospira  interrogans .  After  the  diagno¬ 
sis  was  confirmed  he  was  keep  only  on 
Ceftriaxone.  By  the  administration  of  antibiotic 
therapy  and  early  supportive  care  the  patient 
improved  clinically  and  was  discharged  from  the 
ICU  to  a  step-down  unit. 

Leptospirosis  is  a  zoonosis  that  affects  the 
humans  and  is  caused  by  pathogenic  spirochetes  of 
the  genus  Leptospira .  It  is  a  frequent  type  of  zoono¬ 
sis,  especially  in  tropical  regions.  Data  is  insuffi¬ 
cient  regarding  its  frequency  in  non-tropical 
regions.  Half  of  the  cases  reported  in  the  United 
States  emanate  from  Hawaii.  Leptospirosis  pres¬ 
ents  with  a  self-limited  to  mildly  icteric  form  in 
nearly  90%  of  cases.  However  in  approximately 
5-10%  of  cases  it  leads  to  Weil’s  disease,  which  is 
characterized  by  fever,  hepatic  failure,  renal  failure 
and  respiratory  failure.  Weil’s  disease  is  also  known 
as  Weil- Vasilyev  disease,  Swineherd’s  disease, 
rice-field  fever,  waterborne  fever,  Nanukayami 
Fever,  cane-cutter  fever,  swamp  fever,  mud  fever, 
Stuttgart  disease,  and  Canicola  fever. 
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Fig  60.1  (a,  b)  Generalized  jaundice 


Fig.  60.2  (a,  b)  Ecchymosis  (left)  and  dark  urine  demonstrating  hemoglobinuria 


Principles  of  Management 
Epidemiology 

Leptospirosis  is  usually  a  result  of  environmental 
exposures  to  infected  animal  urine  or 
contaminated  water  or  soil.  Rarely,  it  may  be 


contracted  after  the  ingestion  of  food  contami¬ 
nated  with  urine  or  via  aerosols  [1]. 

In  the  United  States,  the  incidence  of  leptospi¬ 
rosis  is  relatively  low;  most  cases  are  reported 
from  the  southern  and  Pacific  coastal  states. 
Hawaii  consistently  reports  the  most  cases  of  any 
state,  though  this  may  partly  be  because 
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Fig.  60.3  (a,  b)  Conjunctival  suffusion 

leptospirosis  ceased  to  be  a  reportable  disease 
nationally  in  1995  but  remains  reportable  in 
Hawaii.  A  leptospirosis  outbreak  was  also  reported 
among  adventure  race  participants  in  Florida  [2]. 

In  the  tropics,  endemic  leptospirosis  is  mainly 
a  disease  of  poverty  (including  low  education, 
poor  housing,  absence  of  sanitation,  and  poor 
income).  It  is  acquired  through  occupational 
exposure  such  as  subsistence  farming  and  living 
in  rodent-infested,  flood-prone  urban  slums. 
Large  outbreaks  affecting  thousands  of  people 
and  leading  to  hundreds  of  deaths  are  common 
occurrences.  These  are  often  associated  with 
increased  rainfall  or  flooding,  such  as  was  the 
case  in  epidemics  in  Guyana  and  Queensland, 
Australia  [3].  Disease  in  humans  is  often  spo¬ 
radic,  although  outbreaks  may  occur  from  com¬ 
mon  source  exposures.  See  Table  60.1  for  risk 
factors  for  infection. 

Physicians  caring  for  travelers  following 
return  from  vacations  involving  recreational 
activities  associated  with  potential  environmental 
Leptospira  exposure  in  high-risk  regions  such  as 
Southeast  Asia  should  consider  the  possibility  of 
leptospirosis  [4-6]. 

Microbiology 

The  genus  Leptospira  contains  20  species;  nine 
are  regarded  as  pathogenic  ( Leptospira  interro¬ 
gans ,  L.  kirschneri ,  L.  noguchii ,  L.  alexanderi ,  L. 


Table  60.1  Risk  factors  for  leptospirosis  infection 


Occupational 

exposure: 

Farmers,  ranchers,  abattoir 
workers,  trappers,  veterinarians, 
loggers,  sewer  workers,  rice 
farmers,  pet  traders,  military 
personnel,  laboratory  workers 

Recreational 

activities: 

Freshwater  swimming,  canoeing, 
kayaking,  trail  biking 

Household 

exposure: 

Pet  dogs,  domesticated  livestock, 
rainwater  catchment  systems, 
infestation  by  infected  rodents 

Other: 

Walking  barefoot  through  surface 
water,  skin  lesions,  contact  with 
wild  rodents,  accidental 
laboratory  exposure 

weilii ,  L.  alstonii ,  L.  borgpetersenii ,  L.  santaro- 
sai,  and  L.  kmety.  Five  are  of  intermediate  or 
unclear  pathogenicity  and  the  remaining  six  are 
nonpathogenic  free-living  saprophytic  species 
that  do  not  infect  animal  hosts. 

Leptospira  are  spiral- shaped,  highly  motile 
aerobic  spirochetes  and  are  best  visualized  by 
dark  field  microscopy,  silver  stain,  or  fluorescent 
microscopy.  They  can  be  distinguished  morpho¬ 
logically  from  other  spirochetes  by  their  unique 
“question  mark”  hook  at  the  end  of  the  bacterium 
[6-8]. 

Pathogenic  Leptospira  spp  can  be  grown 
in  vitro  from  clinical  specimens  including  blood, 
urine,  and  cerebrospinal  fluid  (CSF).  Special 
media  are  required  for  isolation  such  as  Fletcher’s, 
Ellinghausen-McCullough-Johnson-Harris 
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(EMJH)  or  polysorbate  80  media.  Therefore,  the 
laboratory  needs  to  be  notified  if  an  attempt  to 
isolate  leptospires  is  desired.  Growth  is  usually 
observed  in  1-2  weeks  but  may  take  up  to  3 
months.  A  method  of  growing  leptospires  on 
solid  agar  has  been  developed  to  facilitate  more 
rapid  growth,  isolation  of  single  colonies,  and 
simple  antimicrobial  sensitivity  testing  [6-8] . 

Clinical  Presentation 

Most  cases  of  Leptospirosis  are  mild  and  self¬ 
limited  or  subclinical,  while  some  are  severe  and 
potentially  fatal.  The  majority  of  patients  describe 
an  abrupt  onset  of  fever,  rigors,  myalgias,  and 
headache  in  75-100%  of  patients,  following  an 
incubation  period  of  2-26  days  (average  10 
days).  Nonproductive  cough  occurs  in  25-35% 
of  cases;  nausea,  vomiting,  and  diarrhea  occur  in 
approximately  50%  of  cases  [8,  9]. 

Less  common  symptoms  include  arthralgias, 
bone  pain,  sore  throat,  and  abdominal  pain. 
Acalculous  cholecystitis  and  pancreatitis  have 
been  described  in  children.  Leptospirosis  has 
been  described  as  a  biphasic  illness  (with  an 
acute  bacteremic  phase  followed  by  an  “immune” 
phase)  but,  clinically,  the  two  phases  usually 
merge,  particularly  in  severe  disease  [8-10]. 

Conjunctival  suffusion  is  an  important  but  fre¬ 
quently  overlooked  sign;  in  one  case  series,  it 
occurred  in  55  %  of  patients.  This  is  not  a  com¬ 
mon  finding  in  other  infectious  diseases,  and  its 
presence  in  a  patient  with  a  nonspecific  febrile 
illness  should  raise  the  possibility  of  leptospiro¬ 
sis.  Muscle  tenderness,  splenomegaly,  lymphade- 
nopathy,  pharyngitis,  hepatomegaly,  muscle 
rigidity,  abnormal  respiratory  auscultation,  or 
skin  rash  occur  in  7-40%  of  patients  [9,  10]. 
Aseptic  meningitis  is  observed  in  50-85%  of 
patients  if  cerebrospinal  fluid  (CSL)  is  examined 
after  7  days  of  illness  [1]. 

Severe,  potentially  fatal  illness,  “Weil’s  dis¬ 
ease,”  is  characterized  by  jaundice  and  renal  fail¬ 
ure  and  occurs  only  in  a  minority  of  patients. 
Pulmonary  hemorrhage  is  a  potential  complica¬ 
tion.  Mortality  rates  in  hospitalized  patients  with 
leptospirosis  range  from  4  to  52%  [8-10]. 


Leptospirosis  may  be  complicated  by  renal 
failure,  uveitis,  pulmonary  hemorrhage,  acute 
respiratory  distress  syndrome  (ARDS),  myocar¬ 
ditis,  and  rhabdomyolysis.  Renal  failure  is  often 
nonoliguric  and  associated  with  hypokalemia. 
Supportive  renal  replacement  therapy  may  be 
required  during  the  acute  phase;  renal  recovery  is 
generally  complete.  Liver  failure  generally  is 
reversible  and  not  a  cause  of  death.  Vasculitis 
with  necrosis  of  extremities  may  be  seen  in  severe 
cases  [7-9]. 

Laboratory  Presentation 

A  high  index  of  suspicion  is  required  to  make  the 
diagnosis  based  on  epidemiologic  exposure  and 
clinical  manifestations,  since  clinical  and  labora¬ 
tory  findings  are  nonspecific.  The  diagnosis  is 
made  most  frequently  by  serologic  testing. 
Molecular  techniques  are  promising  for  rapid 
diagnosis  but  are  not  widely  available.  The  organ¬ 
ism  can  be  cultured,  but  this  can  take  several 
weeks.  A  constellation  of  laboratory  findings 
occurring  in  the  right  clinical  setting  is  highly 
suggestive  of  a  diagnosis  of  leptospirosis  [9,  10]. 

White  blood  cell  (WBC)  counts  are  generally 
less  than  10,000/microL  but  may  range  from 
3000  to  26,000/microL;  a  left  shift  occurs  in 
about  two-thirds  of  patients.  Thrombocytopenia 
can  occur;  in  one  series  of  79  patients  with  lepto¬ 
spirosis  in  Thailand,  it  was  present  in  38%  of 
cases.  Pancytopenia  has  been  reported  as  the  pre¬ 
senting  manifestation  in  case  reports  [8,  10,  11]. 

Hyponatremia  is  common  in  severe  leptospi¬ 
rosis  and  results  from  sodium  wasting.  Urinalysis 
frequently  shows  proteinuria,  pyuria,  granular 
casts,  and  occasionally  microscopic  hematuria. 
Renal  failure  may  be  observed  in  severe  leptospi¬ 
rosis.  Elevated  creatine  kinase  is  observed  in 
approximately  50  %  of  patients  and  may  be  a  use¬ 
ful  clue  to  diagnosis. 

Approximately  40  %  of  patients  have  minimal 
to  moderate  elevations  of  hepatic  transaminases 
(usually  <200  IU/L).  Jaundice  may  be  observed 
in  severe  leptospirosis.  In  some  cases,  the  serum 
bilirubin  concentration  reaches  60-80  mg/dL 
(1026-1368  mmol/L). 
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The  CSF  may  show  a  lymphocytic  or  neutro¬ 
philic  pleocytosis  with  minimal  to  moderately 
elevated  protein  concentrations  and  normal  glu¬ 
cose  concentration;  a  low  glucose  concentration 
is  seen  rarely. 

Chest  radiography  may  demonstrate  small 
nodular  densities,  which  can  progress  to  conflu¬ 
ent  consolidation  or  a  ground  glass  appearance. 
Pathologically,  these  infiltrates  may  represent 
alveolar  hemorrhage,  ARDS,  or  pulmonary 
edema. 

Findings  associated  with  adverse  outcomes 
include  oliguria,  WBC  count  above  12,900/mm1 2 3 4 5 6, 
repolarization  abnormalities  on  electrocardio¬ 
gram,  and  alveolar  infiltrates  on  chest 
radiography. 

Differential  Diagnosis 

Conjunctival  suffusion,  when  it  occurs,  is  one  of 
the  most  reliable  distinguishing  features  since  it 
rarely  occurs  with  any  infectious  illness  other 
than  leptospirosis.  Differential  diagnosis 
includes: 

1 .  Malaria  and  dengue  share  some  common  clin¬ 
ical  features  and  similar  endemic  patterns 
with  leptospirosis. 

2.  Scrub  typhus  is  a  common  disease  in  some 
tropical  regions  where  leptospirosis  also 
occurs. 

3.  Other  rickettsial  disease,  infections  with 
Rickettsia  typhi  (murine  typhus),  or  spotted 
fever  group  rickettsiae  may  mimic 
leptospirosis. 

4.  Leptospirosis  may  mimic  infection  with 
Salmonella  typhi  in  areas  of  the  tropics  where 
typhoid  fever  is  common,  particularly  in 
patients  with  prominent  gastrointestinal 
complaints. 

5.  Ehrlichiosis  may  present  with  similar  clinical 
manifestations,  including  fever  and  nonspe¬ 
cific  complaints. 

6.  Acute  viral  illnesses  including  influenza 
may  mimic  leptospirosis,  particularly  in 
patients  with  prominent  respiratory  tract 
symptoms. 


7.  Hantavirus  can  cause  a  renal  syndrome  and/or 
pulmonary  syndrome  similar  to  the  renal  and / 
or  pulmonary  complications  observed  in 
leptospirosis. 

Antibiotic  Administration 

In  the  setting  of  moderate  or  high  clinical  suspi¬ 
cion  for  leptospirosis  in  the  absence  of  a  definitive 
laboratory  diagnosis,  administration  of  empiric 
treatment  is  appropriate. 

Outpatients  with  Mild  Disease 

Doxy cy cline  (adults:  100  mg  orally  twice 
daily;  children  >8  years  of  age:  2  mg/kg 
per  day  in  two  equally  divided  doses, 
not  to  exceed  200  mg  daily). 

Azithromycin  (adults:  500  mg  orally  once 
daily  for  3  days;  children:  10  mg/kg 
orally  on  day  one  [maximum  dose 
500  mg/day]  followed  by  5  mg/kg/day 
orally  once  daily  on  subsequent  days 
[maximum  dose  250  mg/day]). 

Pregnant  women,  we  favor  treatment  with 
either  azithromycin  or  Amoxicillin  ( 25- 
50  mg/kg  in  three  equally  divided  doses, 
maximum  500  mg/dose). 

Hospitalized  Adults  with  Severe 
Disease 

Penicillin  (1.5  million  units  intravenously 
[IV]  every  6  h) 

Doxy  cy  cline  (100  mg  IV  twice  daily) 
Ceftriaxone  (1-2  g  IV  once  daily),  or 
Cefotaxime  (1  g  IV  every  6  h). 


The  duration  of  treatment  in  severe  disease  is 
usually  7  days.  Studies  from  Thailand  have  noted 
comparable  efficacy  for  penicillin,  ceftriaxone, 
cefotaxime,  and  doxycycline  for  treatment  of  lep¬ 
tospirosis.  Pregnant  women  with  severe  leptospi¬ 
rosis  may  be  treated  with  penicillin,  ceftriaxone, 
cefotaxime,  or  azithromycin;  but  doxycycline 
should  not  be  used. 
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Penicillin  and  cephalosporins  lack  activity 
against  rickettsiae  and  so  should  be  avoided  in 
circumstances  in  which  leptospirosis  cannot  be 
definitively  distinguished  from  rickettsial  infec¬ 
tion.  Intravenous  doxycycline  is  an  appropriate 
therapy  for  treatment  of  severely  ill  patients  in 
areas  endemic  for  both  leptospirosis  and  rickett¬ 
sial  infection.  A  Jarisch-Herxheimer  reaction 
may  occur  following  antimicrobial  therapy  for 
leptospirosis;  this  represents  an  acute  inflamma¬ 
tory  response  to  clearance  of  spirochetes  from 
the  circulation  and  is  characterized  clinically  by 
fever,  rigors,  and  hypotension  [11-13]. 

Evidence  Contour 
Diagnostic  Tools 
Reference  Standard 

The  only  inconvenience  is  that  is  no  available  in 
all  centers.  There  is  the  lack  of  a  sensitve  refer¬ 
ence  standard  for  the  diagnosis  of  leptospirosis. 
The  microscopic  agglutination  test  (MAT)  and 
culture  are  both  imperfect,  either  alone  or  in 
combination.  This  limitation  has  important  impli¬ 
cations  for  the  assessment  of  new  assays,  as  they 
may  perform  poorly  compared  with  the  reference 
standards  used,  even  if  they  are  superior  to  it. 
MAT  is  positive  when  is  >1/100. 

Serology 

Serology  is  less  sensitive  than  the 
MAT.  Serological  tests  are  used  most  frequently 
for  diagnosis  of  leptospirosis.  Assays  include  the 
microscopic  agglutination  test,  macroscopic 
agglutination  test,  indirect  hemagglutination,  and 
enzyme-linked  immunosorbent  assay  (ELISA). 
A  number  of  rapid  IgM  ELISA  and  lateral  flow 
tests  have  been  developed,  though  many  have 
been  inadequately  validated  and  their  diagnostic 
performance  in  an  endemic  setting  is  variable. 

Molecular  Tests 

Molecular  tests  are  more  sensitive  than  the  cul¬ 
tures.  Molecular  techniques  such  as  real  time 
PCR  and  loop-mediated  isothermal  amplification 
(LAMP)  have  been  developed  for  diagnosis  of 
leptospirosis.  These  are  not  widely  available  but 


are  promising  for  rapid,  accurate  diagnosis.  Next- 
generation  sequencing  is  a  technology  for  deter¬ 
mining  DNA  sequence  by  analyzing  multiple 
DNA  fragments  in  parallel;  it  allows  sequencing 
of  an  exponentially  greater  number  of  genes  than 
conventional  DNA  sequencing. 

Culture 

We  use  Lletcher  medium.  Organism  growth  can 
be  very  slow,  to  4  months.  Leptospirosis  can  be 
confirmed  by  culture  of  the  organism  from  clini¬ 
cal  specimens  in  appropriate  media  if  antibiotic 
therapy  has  not  been  administered  before  sam¬ 
ples  are  taken.  Blood  and  CSL  specimens  are 
generally  positive  during  the  first  10  days  of  the 
illness.  Blood  culture  is  insensitive;  isolation  of 
the  organism  is  successful  in  5-50%  of  cases, 
and  may  take  several  weeks.  Urine  cultures 
become  positive  during  the  second  week  of  the 
illness  and  remain  positive  for  up  to  30  days  after 
the  resolution  of  symptoms. 

Drug  Resistance 

Activity  against  leptospires  has  been  observed 
in  vitro  and  in  animal  models  for  penicillins, 
cephalosporins,  tetracyclines,  chloramphenicol, 
fluoroquinolones,  macrolides,  and  telithromycin, 
and  in  vitro  studies  have  demonstrated  that  car- 
bapenems  and  aztreonam  also  have  excellent 
activity  against  leptospires.  Antibiotic  suscepti¬ 
bility  testing  is  not  done  routinely  as  it  is  difficult 
to  do  and,  thus  far,  resistance  does  not  appear  to 
be  a  problem  based  on  susceptibility  studies  that 
have  been  done  as  well  as  favorable  clinical 
response  to  the  antibiotics  generally  used  for 
treatment.  The  development  of  a  new  solid  media 
(LVW)  for  leptospirosis  may  facilitate  more  rou¬ 
tine  testing,  which  may  enable  quicker  identifica¬ 
tion  of  drug  resistance  should  it  arise  in  the 
setting  of  inadequate  clinical  response. 

Role  of  Corticosteroids 

The  use  of  corticosteroids  has  been  proposed  as 
potentially  beneficial  given  the  vasculitic  nature 
of  severe  leptospirosis,  particularly  in  the  setting 
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of  pulmonary  involvement.  Some  reports  have 
suggested  a  possible  benefit  to  use  of  steroids  as 
an  adjunct  to  antibiotic  therapy  in  severe  disease. 
There  is  insufficient  evidence  to  support  the  rou¬ 
tine  use  of  corticosteroids. 

Prevention 

No  Human  vaccine  is  available.  Control  mea¬ 
sures  for  preventing  human  leptospirosis  include 
avoiding  potential  sources  of  infection  such  as 
stagnant  water  and  animal  farm  water  runoff, 
rodent  control,  and  protection  of  food  from  ani¬ 
mal  contamination.  The  CDC  recommends  doxy- 
cy cline  200  mg  orally  per  week,  begun  1-2  days 
before  and  continuing  through  the  period  of 
exposure  for  people  at  high  risk  of  leptospirosis. 
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Case  Presentation 

A  45  year-old  male  with  a  past  medical  history 
notable  for  hypertension  and  atrial  fibrillation  on 
warfarin  presented  to  the  emergency  department 
with  syncope.  On  taking  his  history  he  noted  2 
days  of  black  stools.  He  denied  vomiting,  abdom¬ 
inal  pain  or  bright  red  blood  per  rectum.  The 
patient’s  blood  pressure  was  95/60  and  his  heart 
rate  was  120.  He  was  ill  appearing  with  conjunc¬ 
tival  pallor  and  melena  on  rectal  exam.  Labs  were 
notable  for  a  hemoglobin  (Hgb)  of  7.6  g/dL, 
blood  urea  nitrogen  (BUN)  60,  serum  creatinine 
(sCr)  1.3,  INR  5.6,  325,000  platelet  count  and 
18,000  white  cell  count.  Peripheral  intravenous 
access  was  obtained  and  volume  resuscitation 
was  begun.  At  this  point,  the  emergency  depart¬ 
ment  consulted  the  intensivist  to  assist  in  the 
management  of  this  patient. 


Electronic  supplementary  material  The  online  version 
of  this  chapter  (doi:  10. 1007/978-3-3 19-43341-7_61)  con¬ 
tains  supplementary  material,  which  is  available  to  autho¬ 
rized  users. 

D.  Schrift  (El) 

Pulmonary  and  Critical  Care  Medicine, 

University  of  South  Carolina  School  of  Medicine, 

Columbia,  SC,  USA 

e-mail:  davidschriftmd@gmail.com 

C.H.  Choe 

Critical  Care  Medicine,  Lexington  Medical  Center, 

West  Columbia,  SC,  USA 


Question  How  can  this  patient’s  coagulopathy 
be  most  quickly  reversed? 

Answer  Four-factor  prothrombin  complex  con¬ 
centrate  (PCC). 

This  patient  was  given  25-units/kg  of  four- 
factor  PCC  and  an  hour  later  his  INR  was  1.2. 
Simultaneously,  he  received  fluid  resuscita¬ 
tion  and  one  unit  of  blood  when  his  hemoglo¬ 
bin  dropped  below  7  g/dL.  His  hemodynamics 
stabilized  and  overt  evidence  of  bleeding 
stopped.  An  upper  endoscopy  was  then  per¬ 
formed  that  revealed  a  gastric  ulcer  with  a 
non-bleeding  visible  vessel.  Intensive  proton 
pump  inhibitor  therapy  was  initiated  for  72  h. 
During  this  time  he  remained  hemodynami- 
cally  stable  without  evidence  for  recurrent 
bleeding.  He  was  discharged  home  4  days 
after  admission. 

Principles  of  Management 
Diagnosis 

Ascertaining  the  site  of  a  gastrointestinal  bleed 
(GIB)  is  crucial  to  the  diagnostic  approach,  thera¬ 
peutic  management  and  risk  stratification.  Sixty- 
three  percent  of  all  patients  presenting  with  an 
acute  GIB  will  be  determined  to  have  an  upper 
gastrointestinal  source  [1].  The  presence  of 
melena  on  exam  or  a  BUN/sCr  ratio  >30  are 
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powerful  predictors  of  an  UGIB  (Table  61.1). 
However,  the  BUN/sCr  should  be  used  with  cau¬ 
tion  in  those  with  renal  or  liver  disease  because  it 
is  less  reliable  in  these  patients.  The  clinical  fac¬ 
tors  that  substantially  decrease  the  probability  of 
an  UGIB  are  clots  in  the  stool,  and  a  prior  history 
of  a  LGIB  (Table  61.2).  A  negative  NG  lavage 
does  not  significantly  decrease  the  probability  of 
an  UGIB.  Hematochezia  can  be  a  concerning 
complaint  because  it  can  occur  in  a  severe,  brisk 
UGIB  and  be  misdiagnosed  as  a  LGIB.  This 
emphasizes  the  need  to  properly  assess  the  loca¬ 
tion  of  bleeding  to  ensure  a  severe  UGIB  is  not 
overlooked. 


Table  61 .1  Clinical  factors  that  increase  the  probability 
of  an  UGIB 


Clinical 

factor 

Pretest 
probability 
of  an  UGIB 

Likelihood 

ratio 

Posttest 
probability 
of  an  UGIB 

Melena  on 

exam 

63% 

25 

98% 

BUN/sCr 

>30 

63% 

7.5 

93% 

Prior 
history  of 
UGIB 

63% 

6.2 

91% 

Subjective 

melena 

63% 

5.5 

90% 

Positive  NG 
lavage 

63% 

4.7 

89% 

Data  from  Tai  et  al.  [2] 


Table  61 .2  Clinical  factors  that  decrease  the  probability 
of  an  UGIB 


Clinical 

factor 

Pretest 
probability 
of  an  UGIB 

Likelihood 

ratio 

Posttest 
probability 
of  an  UGIB 

Clots  in 

Stool 

63% 

0.05 

8% 

Prior 
history  of 
LGIB 

63% 

0.17 

22% 

Lack  of 

subjective 

melena 

63% 

0.22 

27% 

Negative 

NG  lavage 

63% 

0.6 

51% 

Data  from  Tai  et  al.  [2] 


Risk  Stratification 

Risk  assessment  is  uniformly  recommended  for 
all  UGIB  patients  to  determine  the  timing  of 
endoscopy  and  the  level  of  care  the  patient  will 
need.  Factors  such  as  a  history  of  malignancy  or 
cirrhosis,  syncope,  tachycardia,  shock,  hemoglo¬ 
bin  <8  g/dL,  BUN  >90  mg/dL  and  white  blood 
cell  count  >12,000  all  increase  the  probability  of 
a  severe  gastrointestinal  bleed  that  will  have 
active  bleeding  on  endoscopy  [1].  The  Glasgow- 
Blatchford  Score  (GBS)  is  a  well- validated  clini¬ 
cal  score  that  was  developed  using  many  of  these 
clinical  factors  (Table  61.3)  to  predict  mortality 
and  the  need  for  a  clinical  intervention  (blood 
transfusion,  endoscopic  therapy,  or  surgery).  A 
score  <2  safely  predicts  patients  that  can  be  man¬ 
aged  as  an  outpatient  with  a  sensitivity  >98  %.  A 
higher  score  represents  higher  risk  patients  that 
should  receive  an  endoscopy  within  24  h.  The 
Rockall  score  was  developed  with  the  same  pur¬ 
pose,  but  has  two  main  drawbacks.  It  requires 
endoscopic  information,  which  is  not  available 


Table  61 .3  Glasgow-blatchford  score 


Admission  risk  marker 

Score  value 

Blood  urea  nitrogen  (mmol/L) 

6. 5-7.9 

2 

8. 0-9. 9 

3 

10.0-24.9 

4 

>25.0 

6 

Hgb  (g/dl)  for  men 


12-12.9 

1 

10-11.9 

3 

<10 

6 

Hgb  (g/dl)  for  women 


10-11.9 

1 

<10 

6 

Systolic  blood  pressure  (mm  Hg) 


100-109 

1 

90-99 

2 

<90 

3 

Pulse  >100  (per  min) 

1 

Presentation  with  melena 

1 

Presentation  with  syncope 

2 

Hepatic  disease 

2 

Cardiac  failure 

2 
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on  the  initial  evaluation,  and  it  does  not  perform 
as  well  as  the  GBS  score  [1].  For  these  reasons 
many  professional  guidelines  recommend  using 
the  GBS  score  [3]. 

Blood  Transfusion 

Blood  transfusions  should  generally  be  withheld 
until  the  hemoglobin  is  <7  g/dL  [4,  5].  In  2013, 
a  large  randomized  control  trial  (RCT)  found 
that  patients  treated  with  a  restrictive  strategy 
(Hgb  <7  g/dL)  had  better  outcomes,  including  a 
40  %  relative  reduction  in  mortality,  less  bleed¬ 
ing,  less  surgery,  fewer  transfusion  reactions, 
and  fewer  cardiac  complications.  Exsanguinating 
patients  were  not  enrolled  and  the  protocol 
allowed  blood  transfusions  in  symptomatic 
patients.  Consequently  it  is  important  to  care¬ 
fully  weigh  the  clinical  situation  in  the  decision 
to  transfuse  [6] . 

Post-endoscopic  Intensive  Proton 
Pump  Inhibitor  Therapy 

Patients  with  a  bleeding  peptic  ulcer  and  high- 
risk  lesions  on  endoscopy  have  improved  out¬ 
comes  when  treated  with  3  days  of  intensive 
proton  pump  inhibitor  (PPI)  therapy  consisting  of 
an  intravenous  bolus  followed  by  a  continuous 


infusion  for  72  h.  A  2006  Cochrane  Review  found 
patients  with  a  high-risk  peptic  ulcer  lesion  who 
received  PPI  therapy  had  lower  rates  of  rebleed¬ 
ing  and  surgery.  Patients  with  very  high-risk 
lesions  had  an  even  greater  benefit  from  PPI  ther¬ 
apy,  including  a  mortality  benefit  [7].  Lesions  are 
graded  using  the  Forrest  classification,  and  each 
lesion  has  a  specific  rebleeding,  surgery  and  mor¬ 
tality  risk  (Fig.  61.1).  Intensive  PPI  therapy  will 
have  the  greatest  impact  on  high-risk  lesions 
because  they  have  the  worst  outcomes.  Low-risk 
lesions  have  excellent  outcomes  so  intensive  PPI 
therapy  is  unlikely  to  be  beneficial.  The  benefits 
of  intensive  PPI  therapy  are  so  clear  that  profes¬ 
sional  guidelines  unanimously  recommend  them 
in  patients  with  high-risk  peptic  ulcer  lesions 
[3-5]  (Video  61.1). 

Evidence  Contour 
Nasogastric  Lavage 

Significant  controversy  exists  regarding  nasogastric 
(NG)  lavage  in  a  patient  with  a  GIB.  The  NG  lavage 
is  theorized  to  help  differentiate  an  UGIB  from  a 
LGIB  and  aid  in  the  timing  of  endoscopy.  However, 
a  systematic  review  found  the  NG  lavage  was  a  poor 
predictor  of  an  UGIB.  The  sensitivity  ranged  from 
42  to  84%  and  the  specificity  ranged  from  54  to 
91  %.  Most  importantly,  a  negative  NG  lavage  was 


Fig.  61.1  Forrest 
classification.  The  risk  of 
rebleeding,  surgery  and 
mortality  based  on  the 
Forrest  classification  of  the 
ulcer  seen  on  endoscopy. 
Only  high-risk  lesions 
benefit  from  intensive  PPI 
therapy  (Data  from  Barkun 
et  al.  [4]) 


Active  bleeding  Non-bleeding  Adherent  clot  Flat  pigmented  Clean  ulcer  base 

visible  vessel  spot 


■  Rebleeding  u  Surgery  u  Mortality 
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unable  to  exclude  an  UGIB,  and  this  is  the  main 
purpose  of  the  procedure  [8].  These  disappointing 
results  are  not  that  surprising  if  one  considers  the 
limitations  of  the  procedure.  False-negative  results 
are  known  to  occur  from  bleeding  duodenal  ulcers 
because  the  blood  may  not  be  able  to  reflux  across 
the  pyloric  sphincter.  Physicians  are  also  not  accu¬ 
rate  in  detecting  bile  in  the  aspirate,  which  is  critical 
for  determining  a  truly  negative  lavage.  False- 
positives  can  come  from  the  trauma  of  insertion  or 
the  subjective  interpretation  of  the  aspirate.  Is  it 
positive  if  just  a  few  bloody  flecks  are  seen?  Is  it 
positive  if  it  clears  with  50  cc  of  saline?  Simply  put, 
the  NG  lavage  cannot  rule  out  an  UGIB,  and  other 
clinical  factors  are  superior  to  the  NG  lavage  to  con¬ 
firm  or  exclude  an  UGIB. 

The  second  theorized  benefit  of  the  NG  lavage 
is  to  determine  who  may  benefit  from  early  endos¬ 
copy.  Endoscopy  is  currently  recommended  within 
24  h  for  patients  with  an  UGIB.  However,  very 
little  is  known  about  which  patients,  if  any,  would 
benefit  from  an  urgent  endoscopy  (within  12  h). 
Conceptually,  patients  with  bloody  NG  lavages 
may  have  high-risk  lesions  that  could  benefit  from 
urgent  endoscopy.  However,  many  studies  have 
not  found  any  benefit  using  the  NG  lavage  to  select 
patients  for  an  urgent  endoscopy  [2,  9]. 

Additionally,  the  NG  lavage  has  been 
described  as  the  most  painful  emergency  depart¬ 
ment  procedure  and  is  more  painful  than  a  lum¬ 
bar  puncture  or  fracture  reduction  [10].  NG  tubes 
also  have  rare  complications  that  include  pulmo¬ 
nary  malposition,  pneumothorax,  respiratory 
failure,  perforation,  vocal  cord  injury,  pneumo¬ 
nia,  epistaxis  and  death. 

In  summary,  the  use  of  the  NG  lavage  has  little 
diagnostic  and  prognostic  value,  does  not  alter 
clinical  management,  and  does  not  improve 
patient  outcomes.  Given  its  lack  of  value  and 
known  risks,  the  routine  use  of  the  NG  lavage  is 
not  recommended  [5]. 

Optimal  Dosing  of  Post-endoscopic 
Proton  Pump  Inhibitor  Therapy 

As  previously  mentioned,  patients  with  a  high- 
risk  peptic  ulcer  lesion  have  a  clear  benefit  from 
intensive  PPI  therapy,  although  the  lowest 


effective  PPI  dose  to  achieve  these  benefits  is 
uncertain.  Current  guidelines  recommend  using  a 
high-dose,  continuous  PPI  infusion,  but  several 
RCTs  and  systematic  reviews  have  consistently 
found  a  lower-dose  PPI  regimen  (intermittent 
dosing)  is  equivalent  to  a  high-dose,  continuous 
infusion.  However  these  RCTs  generally  lacked 
the  quality  and  power  to  definitively  conclude  that 
high  or  low  dose  PPI  regimens  are  equivalent.  It  is 
unlikely  that  a  large-scale  RCT  will  ever  be  con¬ 
ducted  to  clarify  this  topic,  although  future  guide¬ 
lines  may  alter  this  recommendation.  [11,  12]. 

Pre-endoscopic  Proton  Pump 
Inhibitor  Therapy 

The  routine  use  of  pre-endoscopic  proton  pump 
inhibitors  (PPI)  has  been  disproven  to  offer  any 
benefit  to  patients  with  an  acute  UGIB.  A 
Cochrane  Review  analyzed  six  RCTs  with  over 
2000  patients  and  found  no  difference  in  mortal¬ 
ity,  rebleeding,  surgery  or  blood  transfusions 
[13].  Hence,  some  professional  guidelines  have 
strong  recommendations  to  avoid  pre-endoscopic 
PPIs  [14].  PPI  therapy  is  not  without  potential 
harm.  PPI  therapy  has  been  linked  to  hospital 
acquired  pneumonia,  ventilator  associated  pneu¬ 
monia,  Clostridium  difficile  colitis  and  spontane¬ 
ous  bacterial  peritonitis. 

Salvage  Therapy 

It  is  generally  accepted  that  patients  that  develop 
rebleeding  following  initial  endoscopic  therapy 
should  undergo  a  second  endoscopy.  If  bleeding 
cannot  be  controlled  or  recurs  then  clinicians 
should  proceed  to  salvage  therapy.  Options 
include  trans-arterial  embolization  (TAE)  or 
emergency  surgery.  A  2014  meta-analysis  found 
there  was  no  difference  in  mortality,  about  23  % 
in  both  groups.  Rates  of  rebleeding  were  signifi¬ 
cantly  less  with  surgery  (15  %)  compared  to  TAE 
(25  %).  Determining  if  surgery  is  better  than  TAE 
is  still  problematic  because  the  quality  of  pub¬ 
lished  data  is  poor  [15].  A  RCT  is  currently  being 
conducted  which  may  help  to  resolve  this  issue 
(ClinicalTrials.gov  NCT00766961).  Presently,  it 
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is  reasonable  to  consider  TAE  prior  to  surgery 
because  it  is  less  invasive  and  still  has  a  75  %  suc¬ 
cess  rate.  Most  major  guidelines  also  recommend 
considering  TAE  as  an  alternative  to  emergency 
surgery,  but  recognize  the  lack  of  high  quality 
data  to  guide  decision-making  [3-5].  When  a 
patient  requires  salvage  therapy  we  recommend 
simultaneously  consulting  surgery  and  interven¬ 
tional  radiology  to  determine  the  best  course  of 
action. 

Reversal  of  Coagulopathy 
and  Thrombocytopenia 

It  may  seem  axiomatic  that  coagulopathic 
patients  with  an  acute  UGIB  will  experience 
more  bleeding  complications.  However,  few 
studies  exist  on  this  topic  and  what  has  been  pub¬ 
lished  does  not  show  an  increase  in  bleeding 
complications  [16,  17].  In  contrast,  the  reversal 
of  a  coagulopathic  patient  places  them  at  risk  for 
thromboembolic  events.  Pending  additional  data, 
guidelines  based  on  expert  opinion  still  recom¬ 
mend  reversing  coagulopathic  patients  having  an 
acute  UGIB  [4].  Despite  this  recommendation, 
there  is  no  consensus  for  the  INR  or  platelet  level 
that  should  be  targeted  [4] .  One  guideline,  based 
on  expert  opinion,  recommends  targeting  a  plate¬ 
let  count  >50,000  and  an  INR  <1.5  [18]. 

Reversal  of  Warfarin 

Vitamin  K  supplementation  can  reverse  and 
bypass  the  effects  of  warfarin.  Multiple  RCTs 
have  found  IV  vitamin  K  can  substantially  reduce 
the  INR  level  in  8-12  h,  but  it  is  unlikely  to  nor¬ 
malize  the  INR  by  24  h  [19].  Despite  a  0.03% 
risk  of  anaphylaxis,  IV  vitamin  K  should  be  given 
to  reverse  warfarin-related  coagulopathies  in  any 
patient  with  serious  bleeding  [20].  Due  to  its 
delayed  and  incomplete  effects,  vitamin  K  should 
be  used  to  supplement  more  immediate  forms  of 
reversal.  The  optimal  dose  is  suggested  to  be 
5-10  mg  [21]. 

Fresh  frozen  plasma  (FFP)  and  prothrombin 
complex  concentrate  (PCC)  are  the  two  main 
options  to  rapidly  normalize  an  elevated  INR  due 


to  warfarin.  Reversal  with  FFP  often  requires 
large  volumes,  requires  ABO  compatibility  test¬ 
ing  and  can  take  several  hours  to  infuse.  FFP  can 
also  cause  transfusion  reactions  and  volume 
overload.  PCC  contains  factors  II,  IX  and  X  and 
the  absence  or  presence  of  factor  VII  classifies 
the  PCC  as  a  three  or  four-factor  PCC.  PCC  is 
much  more  concentrated,  requires  much  less  vol¬ 
ume,  does  not  require  ABO  compatibility  testing 
and  does  not  need  to  be  thawed.  In  clinical  trials, 
PCC  has  resulted  in  much  faster  normalization  of 
the  INR,  less  volume  administered  and  improved 
outcomes  compared  to  FFP  [22] . 

Four-factor  PCC  is  preferable  to  three-factor 
PCC  because  it  is  more  reliable  across  INR 
ranges.  The  dosing  of  three  and  four-factor  PCC 
ranges  between  25  and  50  units/kg  and  depends 
on  the  baseline  INR.  A  25 -unit/kg  dose  will  likely 
be  effective  for  modest  elevations  of  the  INR,  but 
a  50-unit/kg  dose  will  be  needed  for  extreme  ele¬ 
vations  in  the  INR.  Alternatively,  a  25 -unit/kg 
dose  of  PCC  can  be  given  and  repeated  if  the  INR 
does  not  normalize  with  the  first  dose  [21]. 

Reversal  of  Newer  Oral 
Anticoagulants 

Dabigatran  has  a  short  half-life.  Patients  with 
renal  failure  may  have  high  drug  levels  and/or  a 
prolonged  clearance  time  [23].  The  activated  par¬ 
tial  thromboplastin  time  (aPTT)  can  be  useful  as 
a  normal  aPTT  excludes  significant  levels  of  dab¬ 
igatran  [24].  In  patient  with  normal  renal  func¬ 
tion  and  in  patients  with  renal  failure  who  only 
exhibit  mild  to  moderate  bleeding,  bleeding  may 
be  managed  by  withholding  dabigatran  and 
allowing  it  to  fully  clear  rather  than  attempting 
reversal.  In  renal  failure  patients  with  severe,  per¬ 
sistent  bleeding,  an  attempt  at  reversal  can  be 
made  although  reversal  strategies  are  largely 
unproven.  aPCC  seems  to  be  the  best  choice  for 
the  reversal  of  dabigatran.  If  aPCC  is  not 
available,  then  four-factor  PCC  can  be  used  [25]. 
Both  agents  may  be  administered  at  a  dose  of 
25 -unit/kg  [26].  If  significant  bleeding  persists 
and  coagulation  markers  have  not  substantially 
improved  a  second  dose  can  be  administered.  The 
FDA  is  fast-tracking  an  antidote  for  dabigatran 
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Table  61.4  Pharmacokinetics  of  select  new  oral 
anticoagulants 


Property 

Dabigatran 

Rivaroxaban 

Maximal  absorption 

2-4  h 

2  h 

Half-life 

14  h 

8-9  h 

Renal  clearance 

80% 

36% 

Dialyzable 

Yes 

No 

Half-life  in  CKD  IV 
patients 

28  h 

9-10  h 

which  currently  is  being  studied  in  a  phase  III 
trial  (Clinicaltrials.gov  NCT02 104947). 

Rivaroxaban  is  a  direct  factor  Xa  inhibitor,  has 
a  shorter  half-life  than  dabigatran,  and  is  not  sig¬ 
nificantly  affected  by  renal  failure  (Table  61.4). 
Twelve  hours  after  taking  rivaroxaban  factor  Xa 
inhibition  will  fall  below  20%,  which  is  near  the 
bottom  of  its  therapeutic  window  [27] .  For  these 
reasons,  the  vast  majority  of  UGIB  patients  on 
rivaroxaban  may  be  managed  by  withholding  the 
medication  rather  than  attempting  reversal. 
Rivaroxaban  is  not  dialyzable  leaving  aPCC, 
four-factor  PCC  and  rfVIIa  as  the  only  agents 
studied  for  attempted  reversal.  An  initial  25 -units/ 
kg  dose  of  aPCC  or  PCC  can  sufficiently  reverse 
rivaroxaban  without  posing  a  significant  risk  of 
over-correction.  If  significant  bleeding  persists 
and  coagulation  markers  have  not  substantially 
improved  a  second  dose  of  25  units/kg  can  be 
administered. 
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Case  Presentation 

A  33  year  old  man  with  history  of  alcoholic  cir¬ 
rhosis  complicated  by  esophageal  varices,  recent 
alcoholic  hepatitis,  and  gastroesophageal  reflux 
disease  presented  to  the  Emergency  Department 
with  lightheadedness  and  melena.  Initial  vital 
signs  showed  a  temperature  of  36.6,  BP  128/65, 
HR  113,  RR  24,  and  Sp02  100%.  During  evalu¬ 
ation  in  the  Emergency  Department,  he  devel¬ 
oped  large- volume  hematemesis  and  hypotension. 
Labs  initially  demonstrated  a  hemoglobin  of  7.0, 
platelets  255,  INR  1.5,  and  total  bilirubin  36.  A 
nasogastric  tube  was  inserted  with  return  of  more 
than  1  L  of  blood. 


Electronic  supplementary  material  The  online  version  of 
this  chapter  (doi:  10. 1007/978-3-3 19-43341-7_62)  contains 
supplementary  material,  which  is  available  to  authorized 
users. 
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Question  How  Should  This  Patient  be  Managed? 

Answer  Patients  with  presumed  variceal  bleed¬ 
ing  and  increasing  instability  will  require  two  pri¬ 
mary  steps  in  management:  (1)  Aggressive 
hemodynamic  resuscitation  with  both  volume 
and  blood  products,  and  (2)  Hemostasis  of  the 
bleeding  site  which  may  include  vasoconstrictor 
therapy  and  endoscopic  intervention. 

In  this  patient,  two  large  bore  intravenous  lines 
were  placed  and  intravenous  fluids  and  packed 
red  blood  cells  were  transfused.  Pantoprazole  and 
octreotide  continuous  infusions  were  initiated. 
The  patient  was  emergently  intubated  and  sedated 
prior  to  endoscopy.  A  massive  resuscitation  proto¬ 
col  was  initiated.  The  patient’s  condition  wors¬ 
ened  with  hypovolemic  shock  leading  to  a  2-min 
episode  of  pulseless  electrical  activity  which 
resolved  with  one  dose  of  atropine,  epinephrine 
and  brief  chest  compressions.  A  Sengstaken- 
Blakemore  tube  was  placed  with  inflation  of  the 
esophageal  and  gastric  balloons.  Erythromycin 
was  administered  as  a  bolus  prior  to  endoscopy. 
Esophagogastroduodenoscopy  (EGD)  revealed 
massive  edema  and  copious  bright  red  blood  in 
the  oropharynx  with  large  amounts  of  clotted 
blood  in  the  entire  esophagus.  The  scope  could 
not  be  advanced  past  the  distal  esophagus  due  to 
abundant  clot.  No  clear  bleeding  source  was  visu¬ 
alized,  but  variceal  bleeding  was  assumed  to  be 
the  etiology.  The  Sengstaken-Blakemore  tube  was 
replaced.  Ceftriaxone  was  started  for  infection 
prophylaxis.  Throughout  this  time,  the  patient 
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received  nine  units  of  packed  red  blood  cells,  five 
units  of  fresh  frozen  plasma,  and  1  5 -pack  of 
platelets  through  a  rapid  infuser. 

The  patient  underwent  emergent  transjugular 
intrahepatic  portosystemic  shunt  (TIPS)  place¬ 
ment.  His  condition  stabilized  in  the  following 
day.  Diuresis  was  performed  in  the  subsequent 
days,  and  he  was  extubated  5  days  after  initial 
presentation.  Unfortunately  although  he  survived 
his  initial  episode  of  massive  variceal  bleed,  the 
patient  experienced  multiple  episodes  of  recur¬ 
rent  bleeding  in  the  following  weeks  requiring 
repeat  endoscopies  and  variceal  ligation.  He  also 
underwent  a  TIPS  revision.  Despite  interven¬ 
tions,  the  patient  continued  to  have  frequent  epi¬ 
sodes  of  variceal  hemorrhage  and  was  not  a  liver 
transplant  candidate.  He  eventually  changed  his 
goals  of  care  to  comfort  and  was  allowed  to  die. 

Principles  of  Management 
Initial  Resuscitation 

The  initial  resuscitation  of  a  patient  with  sus¬ 
pected  variceal  bleeding  must  occur  expediently. 
Multiple  large  bore  intravenous  catheters  should 
be  inserted  as  soon  as  possible  with  subsequent 
administration  of  fluids  to  maintain  perfusion. 
The  need  for  packed  red  blood  cell  transfusion 
should  be  assessed.  Discussion  of  transfusion 
thresholds  and  indications  for  crystalloid  versus 
colloid  therapies  will  occur  in  the  Evidence 
Contour. 

In  patients  with  massive  blood  loss,  variably 
defined  as  loss  of  the  entire  blood  volume  in  a 
24-h  period,  loss  of  50%  of  the  blood  volume  in 
a  3-h  period,  or  transfusion  of  >  ten  units  of 
packed  red  blood  cells  in  24  h,  a  number  of  other 
possible  complications  may  occur  in  the  setting 
of  massive  transfusion  [1,  2].  Hypothermia  and 
metabolic  acidosis  are  frequent,  and  in  the  setting 
of  massive  transfusion  are  known  risk  factors  for 
worsening  coagulopathy.  While  this  relationship 
has  mostly  been  defined  in  trauma  patients  with¬ 
out  underlying  liver  disease  [3],  the  data  can 
potentially  be  extrapolated  to  the  cirrhotic  popu¬ 
lation.  Patients  with  variceal  bleeding  that  receive 


massive  transfusion  should  have  temperature 
monitoring  performed,  and  hypothermia  should 
be  expected  and  prevented.  While  some  causes  of 
metabolic  acidosis  may  be  inevitable,  the  critical 
care  provider  should  aim  to  avoid  iatrogenic 
causes  of  metabolic  acidosis  such  as  hyperchlo¬ 
remic  acidosis  secondary  to  aggressive  normal 
saline  administration.  Worsening  of  coagulopa¬ 
thy  may  also  occur,  and  this  issue  will  be 
addressed  in  a  future  section. 

Vasoactive  Medications 

Routine  management  of  suspected  gastroesopha¬ 
geal  variceal  bleeding  includes  immediate  admin¬ 
istration  of  a  splanchnic  vasoconstrictor,  prior  to 
endoscopy  if  possible  [4].  The  most  commonly 
used  medications  are  terlipressin,  somatostatin 
and  octreotide.  Use  of  vasopressin  is  limited  by 
side  effects  of  peripheral,  cardiac  and  bowel  isch¬ 
emia  [4].  A  meta-analysis  published  in  2012  sug¬ 
gested  that  vasoactive  agents  significantly 
decrease  7-day  mortality,  improve  likelihood  of 
hemostasis,  decrease  transfusion  requirements 
and  decrease  hospital  length  of  stay  [5]. 
Hemostasis  was  better  with  octreotide  compared 
to  vasopressin.  A  large  randomized  study  found 
terlipressin,  somatostatin,  and  octreotide  to  be 
equivalent  in  efficacy  with  no  significant  differ¬ 
ences  between  groups  in  rates  of  re-bleeding  or 
mortality  [6] .  Currently,  octreotide  and  vasopres¬ 
sin  are  the  only  medications  available  in  the 
United  States  for  this  indication.  Octreotide  is 
most  commonly  used.  Typically,  these  agents  are 
continued  for  5  days  as  re-bleeding  risk  is  highest 
during  this  time  period  (Table  62.1)  [4,  7]. 

Hemostasis  Interventions 

Emergent  endoscopy  should  be  performed  within 
12  h  of  presentation  in  patients  suspected  of  hav¬ 
ing  active  gastroesophageal  variceal  bleeding 
(Fig.  62.1)  [8,  9].  Multiple  studies  have  demon¬ 
strated  endoscopic  variceal  ligation  is  superior  to 
endoscopic  sclerotherapy  [8].  A  meta-analysis  of 
seven  studies  revealed  that  ligation  therapy 
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Table  62.1  Vasoconstrictor  agents  used  for  variceal  hemorrhage 


Agent 

Dose 

Mechanism  of  action 

Length  of 
therapy 

Notes 

Octreotide 

50  pg  bolus  IV;  then 

50  pg/h  continuous 
infusion 

Somatostatin  analogue 

3-5  days 

May  result  in  tachyphylaxis 
Most  commonly  used  in 

U.S. 

Somatostatin 

250  pg  bolus  IV;  then 
250  pg/h  continuous 
infusion 

Inhibits  release  of 
vasodilatory  hormones 

3-5  days 

Hormones  inhibited  include 
glucagon,  insulin,  serotonin, 
acetylcholine 

Terlipressin 

2  mg  IV  every  4  h; 
may  decrease  to  1  mg 
every  4  h  when 
hemorrhage  controlled 

Synthetic  vasopressin 
analogue 

3-5  days 

Longer  half-life  allows 
intermittent  therapy 

Not  available  in  U.S. 

Vasopressin 

0.4  unit  bolus  IV;  then 
0.4- 1.0  units/min 

Vasoconstricts 
mesenteric  arterioles 

3-5  days 

Higher  risk  of 
extrasplanchnic  ischemic 
side  effects 

May  administer  with  IV 
Nitroglycerin  to  decrease 
side  effect  risks 

Rarely  used  in  U.S. 

Data  from  Refs.  [4,  6,  7] 


Fig.  62.1  Esophageal  varix  with  active  bleeding  as  seen 
during  EGD 

compared  to  sclerotherapy  results  in  a  similar 
rate  of  hemostasis,  but  significantly  less  re-bleed- 
ing  and  lower  mortality  [10].  Sclerotherapy  is 
more  commonly  used  when  variceal  ligation  is 
technically  difficult  or  as  a  rescue  procedure. 

Transjugular  Intrahepatic 
Portosystemic  Shunt 

Approximately  10-20%  of  patients  will  fail 
standard  medical  therapy  for  acute  variceal 


bleeding  [11].  Risk  factors  for  treatment  failure 
in  the  first  5  days  following  initial  hemostasis 
include  low  systolic  blood  pressure  at  presenta¬ 
tion,  active  bleeding  at  endoscopy,  bleeding 
from  gastric  varices,  and  higher  Child-Pugh 
grades  [6].  Placement  of  a  transjugular  intrahe¬ 
patic  portosystemic  shunt  (TIPS),  a  stent  con¬ 
necting  the  portal  and  hepatic  veins,  results  in  a 
decreased  portal  pressure  gradient  and  is  com¬ 
monly  used  as  rescue  therapy  in  patients  in 
whom  initial  hemostasis  is  not  achieved  and  in 
patients  with  recurrent  variceal  bleeding  follow¬ 
ing  initial  hemostasis  (Fig.  62.2)  [12].  One 
potential  complication  of  TIPS  placement  is 
thrombus  formation  in  the  stent.  The  use  of 
coated  stents  recently  has  seemed  to  decrease  the 
rate  of  this  event  [11].  The  interventional  radi¬ 
ologist  may  also  place  coils  or  apply  sclerosant 
to  varices  directly  at  the  time  of  TIPS  placement 
(Fig.  62.3  and  Video  62.1). 

Antibiotic  Prophylaxis 

Prevention  of  complications  such  as  worsening 
hepatic  function,  renal  dysfunction  and  bacterial 
infections  may  improve  survival  following  an 
acute  bleeding  episode  [13].  The  most  common 
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Fig.  62.2  A  TIPS  stent  has  been  inserted  to  connect  the 
right  hepatic  and  right  portal  veins.  The  stent  is  post- 
dilated  to  ensure  adequate  flow  (Images  courtesy  of  Dr. 
Bill  Majdalany  of  the  University  of  Michigan) 


% 


Fig.  62.3  Coil  embolization  of  the  gastric  coronary  varix 
seen  in  Fig.  62.3  has  now  been  performed  (Images  cour¬ 
tesy  of  Dr.  Bill  Majdalany  of  the  University  of  Michigan) 

infections  include  bacteremia,  urinary  tract  infec¬ 
tions  and  spontaneous  bacterial  peritonitis  [14]. 
Antibiotic  prophylaxis  in  the  peri-bleed  period 
has  been  shown  to  decrease  all-cause  mortality 
by  20%  and  also  decreases  overall  re-bleeding 
episodes  [15].  Cephalosporins  and  quinolones 


are  the  most  effective  therapies.  Antibiotics 
should  routinely  be  administered  to  patients  with 
acute  variceal  hemorrhage  [9]. 


Evidence  Contour 

While  certain  therapies  are  proven  in  variceal 
bleeding,  others  are  performed  according  to 
expert  recommendations  or  guidelines  and  are 
more  controversial.  A  discussion  of  these  man¬ 
agement  strategies  will  follow. 

Red  Blood  Cell  Transfusion 

The  threshold  for  transfusion  in  actively  bleeding 
patients  has  been  debated  throughout  the  years. 
In  2013,  a  landmark  trial  demonstrated  the  utility 
of  a  restrictive  transfusion  protocol  in  patients 
with  suspected  upper  gastrointestinal  bleeding.  A 
restrictive  protocol  (transfusion  for  hemoglobin 
<7.0)  as  compared  to  a  liberal  protocol  (transfu¬ 
sion  for  hemoglobin  <9.0)  resulted  in  a  lower 
45-day  mortality  rate  (5%  versus  9%,  p  =  0.02), 
lower  risk  of  further  bleeding,  lower  likelihood  of 
requiring  rescue  therapies,  and  a  lower  rate  of 
complications  including  pulmonary  edema  and 
transfusion  reactions.  The  authors  postulated  that 
the  increase  in  mean  hepatic  venous  pressure  gra¬ 
dient  in  the  liberal  group  likely  contributed  to 
these  findings  [16].  Of  note,  only  around  a  quar¬ 
ter  of  the  patients  in  this  study  had  variceal  bleed¬ 
ing.  Furthermore,  patients  with  poorly  defined 
“massive  exsanguinating  bleeding”  were 
excluded  from  this  study.  In  general,  a  goal 
hemoglobin  level  of  7.0  is  reasonable  in  patients 
with  variceal  bleeding  for  these  reasons,  although 
in  the  setting  of  massive  exsanguination,  red 
blood  cell  transfusion  should  not  be  directed  at  a 
hemoglobin  level  but  should  be  based  on  the  clin¬ 
ical  situation. 

There  have  been  no  randomized,  controlled 
trials  evaluating  the  administration  of  crystalloid 
compared  to  colloid  fluids  in  patients  with  acute 
variceal  bleeding.  However,  in  other  patient  pop¬ 
ulations  with  hemorrhagic  shock,  colloid  fluids 
such  as  albumin  or  hetastarch  have  no  advantage 
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compared  to  crystalloids  [17].  In  the  cirrhotic 
patient  population  with  variceal  bleeding,  it  is 
reasonable  to  transfuse  red  blood  cells  if  the 
hemoglobin  is  less  than  7.0  and  crystalloid  fluids 
when  the  hemoglobin  is  7.0  or  greater  and  the 
patient  has  signs  of  hypoperfusion. 

Correction  of  Coagulopathy 

Cirrhosis  often  results  in  decreased  levels  of  all 
clotting  factors,  dysfibrinogenemia,  and  throm¬ 
bocytopenia,  all  of  which  can  contribute  to  ongo¬ 
ing  bleeding.  In  addition,  multiple  transfusions 
can  result  in  a  dilutional  coagulopathy.  Frequent 
monitoring  of  prothrombin  time,  platelet  count 
and  fibrinogen  levels  is  warranted. 

Unfortunately,  prothrombin  time  has  not  been 
shown  to  correlate  well  with  clinical  bleeding  in 
cirrhotic  patients  [18,  19].  No  randomized  trials 
of  Vitamin  K  supplementation  in  patient  with 
variceal  bleeding  have  been  performed,  and  rou¬ 
tine  use  is  neither  recommended  nor  discouraged 
[20] .  Providers  should  aim  to  avoid  over¬ 
transfusion  solely  to  correct  numerical  lab  values 
as  this  will  likely  result  in  higher  portal  venous 
pressures  and  possibly  more  bleeding. 
Recommendations  for  a  threshold  at  which  to 
transfuse  fresh  frozen  plasma,  cryoprecipitate 
and  platelets  vary  and  become  even  more  compli¬ 
cated  in  the  setting  of  cirrhosis.  While  trauma 
literature  supports  the  use  of  a  “massive  transfu¬ 
sion  protocol,”  which  entails  transfusing  packed 
red  blood  cells,  fresh  frozen  plasma  and  platelets 
in  a  1:1:1  ratio  [2],  this  strategy  has  not  been 
tested  in  a  randomized  trial  of  cirrhotic  patients 
with  variceal  bleeding.  It  is  unknown  if  this  is  the 
correct  resuscitation  approach  in  our  patient  pop¬ 
ulation,  and  it  should  not  be  universally  applied. 

Recombinant  factor  Vila,  a  product  first  avail¬ 
able  for  patients  with  hemophilia-related  bleed¬ 
ing,  has  been  considered  as  an  agent  that  could 
halt  gastrointestinal  bleeding  in  cirrhotic  patients 
by  activating  the  extrinsic  pathway  and  increas¬ 
ing  thrombin  production.  While  recombinant 
activated  factor  Vila  has  been  shown  to  normal¬ 
ize  prothrombin  time  in  patients  with  cirrhosis 
and  variceal  bleeding  [21],  a  Cochrane  review 


that  included  approximately  500  patients  with 
various  stages  of  cirrhosis  and  active  upper  gas¬ 
trointestinal  bleeding  from  two  trials  did  not  find 
a  mortality  benefit  when  this  factor  was  adminis¬ 
tered  in  addition  to  usual  care.  Furthermore,  there 
was  no  significant  difference  in  packed  red  blood 
cell  transfusion  requirement  [22] .  An  exploratory 
analysis  from  one  of  the  two  trials  suggested  that 
the  subgroup  of  patients  with  variceal  bleeding, 
Child-Pugh  scores  B  or  C,  and  more  severe  coag¬ 
ulopathy  may  benefit  from  recombinant  factor 
Vila  [23].  Therapy  with  recombinant  factor  Vila 
remains  controversial  in  this  setting. 

Case  reports  have  described  success  in  achiev¬ 
ing  hemostasis  in  cirrhotic  patients  with  the 
administration  of  Prothrombin  Complex 
Concentrate  (PCC),  a  mixture  of  coagulation  fac¬ 
tors  II,  VII,  IX  and  X.  This  agent  cannot  be  rec¬ 
ommended  on  the  basis  of  current  evidence  [24]. 

Endotracheal  Intubation 

Elective  intubation  has  not  been  proven  to 
improve  outcomes  or  prevent  aspiration  events  or 
pneumonia  in  patients  undergoing  endoscopy  in 
the  intensive  care  unit.  A  retrospective  cohort 
study  compared  patients  with  suspected  variceal 
hemorrhage  who  underwent  elective  pre¬ 
endoscopy  intubation  and  those  who  did  not.  All 
patients  had  active  bleeding  or  stigmata  sugges¬ 
tive  of  high  risk  of  bleeding  on  endoscopy. 
Patients  who  underwent  elective  intubation  had 
higher  mortality  and  higher  rates  of  aspiration 
pneumonia.  However,  patients  with  a  known 
aspiration  event  prior  to  presentation,  respiratory 
distress,  intoxication,  or  hepatic  encephalopathy 
greater  than  stage  1  were  excluded.  Patients  who 
were  alert  at  the  time  of  endoscopy  protected 
their  own  airways  better  [25]. 

In  another  retrospective  study,  pre-endoscopy 
intubation  did  not  change  the  likelihood  of  wit¬ 
nessed  aspiration  during  EGD,  new  radiographic 
infiltrates  post-EGD,  hospital  length  of  stay,  or 
mortality  [26],  although  it  may  have  prevented 
massive  aspiration  events.  To  this  date,  no  pro¬ 
spective  randomized  trial  has  been  performed  to 
truly  demonstrate  the  utility  or  lack  thereof  of 
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pre-endoscopy  elective  intubation.  Intubation 
prior  to  endoscopic  therapy  should  not  routinely 
be  employed  and  should  be  carefully  considered 
for  each  individual  patient  with  hemodynamics, 
mental  status  and  respiratory  status  in  mind. 

Acid  Suppression 

Proton  pump  inhibitor  administration  following 
esophageal  variceal  ligation  has  been  demon¬ 
strated  to  speed  the  resolution  of  post-ligation 
ulcer  healing  [27],  but  their  use  has  been  chal¬ 
lenged  [28].  In  a  retrospective  cohort  study,  pro¬ 
longed  infusion  of  proton  pump  inhibitors  in 
addition  to  octreotide  infusion  was  compared  to 
short  term  infusion.  No  difference  in  transfusion 
requirements  or  mortality  rate  was  observed  [29] . 
However  longer  proton  pump  inhibitor  infusions 
may  have  been  selectively  administered  to 
patients  who  were  more  critically  ill,  biasing  the 
results. 

A  randomized  trial  examined  whether  patients 
who  had  successful  control  of  variceal  bleeding 
with  ligation  have  improved  hemostasis  with 
continued  octreotide  infusion  versus  proton 
pump  inhibitor  infusion  alone.  In  this  study,  there 
was  no  significant  difference  in  treatment  failure, 
transfusion  requirements  or  mortality  in  the  two 
groups.  These  authors  suggest  that  proton  pump 
inhibitor  therapy  following  successful  variceal 
ligation  may  be  substituted  for  vasoconstrictor 
therapy  [30].  This  observation  awaits 
confirmation. 

Balloon  Tamponade 

In  treatment  of  massive  variceal  bleeding  that 
fails  to  respond  to  medical  therapy  and  endo¬ 
scopic  interventions,  the  armamentarium  of  the 
critical  care  provider  includes  mechanical  tam¬ 
ponade  with  the  Sengstaken-Blakemore  tube 
(Fig.  62.4).  Major  complications  such  as  esopha¬ 
geal  perforation  have  limited  the  use  of  this 
device  to  dire  situations  [31],  and  randomized 
trials  of  this  tube  and  similar  devices  are  lacking. 
Experts  recommend  this  therapy  be  utilized  only 


as  a  bridge  prior  to  definitive  therapies  such  as 
TIPS,  balloon-occluded  retrograde  transvenous 
obliteration  (BRTO),  or  surgery  [9]. 

Transjugular  Intrahepatic 
Portosystemic  Shunt 

The  efficacy  of  early  TIPS  placement  following 
endoscopy  for  acute  esophageal  variceal  bleed¬ 
ing  was  studied  in  a  select  group  of  cirrhotic 
patients  in  a  multicenter  randomized,  controlled 
trial.  Patients  were  included  if  they  had  Child- 
Pugh  class  B  disease  with  active  bleeding  at 
endoscopy  or  had  Child-Pugh  class  C  disease. 
The  intervention  group  received  TIPS  within  72  h 
of  the  initial  hemorrhage,  even  if  they  attained 
initial  hemostasis  with  medical  therapy  and  endo¬ 
scopic  intervention.  Patients  who  did  not  receive 
early  TIPS  were  more  likely  to  have  failure  to 
control  acute  bleeding  and  were  more  likely  to 
experience  clinically  significant  variceal  re¬ 
bleeding  in  the  year  following  enrollment.  Early 
TIPS  improved  6- week  and  1-year  survival  [32]. 
Hence,  TIPS  placement  in  all  patients  at  high  risk 
of  re-bleeding  may  be  of  benefit. 

Balloon-Occluded  Retrograde 
Transvenous  Obliteration 

Management  of  gastric  varices  generally  entails 
the  same  management  as  esophageal  varices  [33], 
but  these  varices  can  be  refractory  to  the  usual 
approach.  A  relatively  new  technique  to  target 
gastric  varices  is  balloon-occluded  retrograde 
transvenous  obliteration  (BRTO),  which  makes 
use  of  a  spontaneously  formed  portosystemic 
shunt,  the  gastrorenal  shunt,  to  perform  an  inter¬ 
vention.  This  technique  involves  accessing  either 
the  femoral  or  internal  jugular  vein  and  threading 
a  catheter  through  the  left  renal  vein  to  a  gastrore¬ 
nal  shunt,  and  then  to  the  gastric  varix  where  an 
endovascular  sclerosant  is  injected  (Fig.  62.5). 
There  are  many  versions  of  this  technique  depend¬ 
ing  on  patient  anatomy  [33].  Although  not  clearly 
defined,  suggested  indications  for  BRTO  include 
actively  bleeding  gastric  varices  in  patients  who 
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Fig.  62.4  (a)  A  Sengstaken-Blakemore  tube  is  shown. 
Prior  to  placement,  balloon  patency  should  be  confirmed. 
The  tube  should  be  lubricated  and  then  inserted  approxi¬ 
mately  50  cm  into  the  esophagus  and  stomach.  Insufflation 
of  the  gastric  suction  port  should  be  performed  with  aus- 

are  poor  candidates  for  TIPS  (e.g.,  Model  for 
End-Stage  Liver  Disease  score  >19,  encephalopa¬ 
thy,  portal  vein  thrombosis)  [33].  An  early  retro¬ 
spective  study  indicates  that  short-term  success 
rates  of  TIPS  and  BRTO  are  similarly  high,  with 
1-year  re-bleeding  rates  of  gastric  varices  nearly 
favoring  BRTO  (0%  vs.  15%,  p  =  0.12)  [34]. 

Surgery 

When  endoscopic  therapy  fails  to  control  vari¬ 
ceal  bleeding,  the  clinician  must  consider  res¬ 
cue  therapies  which  include  TIPS  or  emergency 
surgical  therapy.  The  widespread  use  of  TIPS 
and  now  BRTO  procedures  has  decreased  the 
use  of  emergency  surgery  [9,  11].  Two  recent 


cultation  over  the  stomach  to  ensure  proper  placement. 
Then,  50  ccs  of  air  is  injected  into  the  gastric  balloon,  (b) 
An  abdominal  x-ray  is  ordered  to  confirm  the  gastric  bal¬ 
loon  is  positioned  in  the  stomach.  Further  steps  include 
traction  application  to  assist  with  control  of  bleeding 

randomized  controlled  trials,  together  enrolling 
more  than  350  patients,  suggest  the  role  of 
emergent  surgery  should  not  be  overlooked. 
One  study  compared  emergency  shunt  surgery 
to  emergency  sclerotherapy,  while  the  other 
compared  emergency  shunt  surgery  to 
TIPS.  Emergency  surgery  had  significantly 
higher  successful  control  of  bleeding  than 
either  TIPS  or  sclerotherapy.  While  there  was  a 
trend  toward  higher  14-day  mortality  in  the  sur¬ 
gery  group,  there  was  significantly  better  long¬ 
term  survival  in  this  group.  Significantly  fewer 
patients  in  the  surgery  group  developed  recur¬ 
rent  hepatic  encephalopathy,  and  surgery  was 
less  costly  overall.  In  patients  with  life- 
threatening  variceal  hemorrhage,  a  surgeon 
should  be  consulted  early  in  the  course  of  care. 
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Fig.  62.5  A  66  year  old  man  with  cryptogenic  cirrhosis 
with  known  esophageal  and  gastric  varices  presented  with 
hematemesis.  A  CT  angiography  demonstrated  prominent 
true  gastric  varices,  and  he  was  referred  for  a  BRTO  pro¬ 
cedure.  (a)  Angiographic  view  of  a  large  gastric  varix.  (b) 
Coils  were  placed  in  the  phrenic  venous  circulation  to 


exclude  outflow,  (c)  Sclerosant  has  been  injected  into  the 
gastric  varix.  The  balloon  occlusion  catheter  is  inflated  to 
prevent  mobilization  of  the  sclerosant  into  the  venous  cir¬ 
culation  (*Images  courtesy  of  Dr.  Bill  Majdalany  from  the 
University  of  Michigan) 


62  Variceal  Hemorrhage 


543 


References 

1.  British  Committee  for  Standards  in  Haematology, 
Stainsby  D,  MacLennan  S,  Thomas  D,  Isaac  J, 
Hamilton  PJ.  Guidelines  on  the  management  of  mas¬ 
sive  blood  loss.  Br  J  Haematol.  2006;135(5):634-41. 

2.  Waters  JH.  Role  of  the  massive  transfusion  protocol  in 
the  management  of  haemorrhagic  shock.  Br  J  Anaesth. 
2014;1 13  Suppl  2:ii3-8. 

3.  Cosgriff  N,  Moore  EE,  Sauaia  A,  Kenny-Moynihan 
M,  Burch  JM,  Galloway  B.  Predicting  life-threatening 
coagulopathy  in  the  massively  transfused  trauma 
patient:  hypothermia  and  acidoses  revisited.  J  Trauma. 
1997 ;42(5) : 857—6 1 ;  discussion  61-2. 

4.  Garcia-Tsao  G,  Sanyal  AJ,  Grace  ND,  Carey  W, 
Practice  Guidelines  Committee  of  the  American 
Association  for  the  Study  of  Liver  Disease,  Practice 
Parameters  Committee  of  the  American  College  of 
Gastroenterology.  Prevention  and  management  of 
gastroesophageal  varices  and  variceal  hemorrhage  in 
cirrhosis.  Hepatology.  2007;46(3):922-38. 

5.  Wells  M,  Chande  N,  Adams  P,  Beaton  M,  Levstik  M, 
Boyce  E,  et  al.  Meta-analysis:  vasoactive  medications 
for  the  management  of  acute  variceal  bleeds.  Aliment 
Pharmacol  Ther.  2012;35(11):  1267-78. 

6.  Seo  YS,  Park  S Y,  Kim  MY,  Kim  JH,  Park  JY,  Yim  HJ, 
et  al.  Lack  of  difference  among  terlipressin,  soma¬ 
tostatin,  and  octreotide  in  the  control  of  acute  gastro¬ 
esophageal  variceal  hemorrhage.  Hepatology.  2014; 
60(3):954-63. 

7.  Banares  R,  Albillos  A,  Rincon  D,  Alonso  S,  Gonzalez 
M,  Ruiz-del-Arbol  L,  et  al.  Endoscopic  treatment  ver¬ 
sus  endoscopic  plus  pharmacologic  treatment  for 
acute  variceal  bleeding:  a  meta-analysis.  Hepatology. 
2002;35(3):609-15. 

8.  Committee  ASoP,  Hwang  JH,  Shergill  AK,  Acosta 
RD,  Chandrasekhara  V,  Chathadi  KV,  et  al.  The  role 
of  endoscopy  in  the  management  of  variceal  hemor¬ 
rhage.  Gastrointest  Endosc.  2014;80(2):221-7. 

9.  de  Franchis  R,  Baveno  VF.  Revising  consensus  in  por¬ 
tal  hypertension:  report  of  the  Baveno  V  consensus 
workshop  on  methodology  of  diagnosis  and  therapy 
in  portal  hypertension.  J  Hepatol.  2010;53(4):762-8. 

10.  Laine  L,  Cook  D.  Endoscopic  ligation  compared  with 
sclerotherapy  for  treatment  of  esophageal  variceal 
bleeding.  A  meta-analysis.  Ann  Intern  Med.  1995; 
123(4):280-7. 

11.  Garcia-Tsao  G,  Bosch  J.  Management  of  varices  and 
variceal  hemorrhage  in  cirrhosis.  N  Engl  J  Med. 
2010;362(9):823-32. 

12.  Boyer  TD,  Haskal  ZJ,  American  Association  for  the 
Study  of  Liver  Disease.  The  role  of  transjugular  intra- 
hepatic  portosystemic  shunt  in  the  management  of  por¬ 
tal  hypertension.  Hepatology.  2005 ;4 1(2): 3 86-400. 

13.  Augustin  S,  Muntaner  L,  Altamirano  JT,  Gonzalez  A, 
Saperas  E,  Dot  J,  et  al.  Predicting  early  mortality  after  acute 
variceal  hemorrhage  based  on  classification  and  regression 
tree  analysis.  Clin  Gastroenterol  Hepatol  Off  Clin  Pract 
J  Am  Gastroenterol  Assoc.  2009;7(12):  1347-54. 


14.  Hou  MC,  Lin  HC,  Liu  TT,  Kuo  BI,  Lee  FY,  Chang  FY, 
et  al.  Antibiotic  prophylaxis  after  endoscopic  therapy 
prevents  rebleeding  in  acute  variceal  hemorrhage:  a 
randomized  trial.  Hepatology.  2004;39(3):746-53. 

15.  Chavez-Tapia  NC,  Barrientos-Gutierrez  T,  Tellez- 
Avila  F,  Soares- Weiser  K,  Mendez- Sanchez  N,  Gluud 
C,  et  al.  Meta- analysis:  antibiotic  prophylaxis  for  cir¬ 
rhotic  patients  with  upper  gastrointestinal  bleeding  - 
an  updated  Cochrane  review.  Aliment  Pharmacol 
Ther.  2011;34(5):509-18. 

16.  Villanueva  C,  Colomo  A,  Bosch  A,  Concepcion  M, 
Hernandez-Gea  V,  Aracil  C,  et  al.  Transfusion  strate¬ 
gies  for  acute  upper  gastrointestinal  bleeding.  N  Engl 
J  Med.  2013;368(1):11-21. 

17.  Lira  A,  Pinsky  MR.  Choices  in  fluid  type  and  volume 
during  resuscitation:  impact  on  patient  outcomes.  Ann 
Intensive  Care.  2014;4:38. 

18.  Caldwell  SH,  Hoffman  M,  Lisman  T,  Macik  BG, 
Northup  PG,  Reddy  KR,  et  al.  Coagulation  disorders 
and  hemostasis  in  liver  disease:  pathophysiology  and 
critical  assessment  of  current  management. 
Hepatology.  2006;44(4):  1039-46. 

19.  Youssef  WI,  Salazar  F,  Dasarathy  S,  Beddow  T,  Mullen 
KD.  Role  of  fresh  frozen  plasma  infusion  in  correction 
of  coagulopathy  of  chronic  liver  disease:  a  dual  phase 
study.  Am  J  Gastroenterol.  2003;98(6):  1391-4. 

20.  Marti-Carvajal  AJ,  Sola  I.  Vitamin  K  for  upper  gastro¬ 
intestinal  bleeding  in  patients  with  acute  or  chronic 
liver  diseases.  Cochrane  Database  Syst  Rev.  2012;(9): 
CD004792. 

21.  Ejlersen  E,  Melsen  T,  Ingerslev  J,  Andreasen  RB, 
Vilstrup  H.  Recombinant  activated  factor  VII  (rFVIIa) 
acutely  normalizes  prothrombin  time  in  patients  with 
cirrhosis  during  bleeding  from  oesophageal  varices. 
Scand  J  Gastroenterol.  2001;36(10):1081-5. 

22.  Marti-Carvajal  AJ,  Karakitsiou  DE,  Salanti  G.  Human 
recombinant  activated  factor  VII  for  upper  gastroin¬ 
testinal  bleeding  in  patients  with  liver  diseases. 
Cochrane  Database  Syst  Rev.  2012;(3):CD004887. 

23.  Bosch  J,  Thabut  D,  Bendtsen  F,  D’Amico  G,  Albillos 
A,  Gonzalez  Abraldes  J,  et  al.  Recombinant  factor 
Vila  for  upper  gastrointestinal  bleeding  in  patients 
with  cirrhosis:  a  randomized,  double-blind  trial. 
Gastroenterology.  2004;  127 (4):  1123-30. 

24.  Patanwala  AE,  Acquisto  NM,  Erstad  BL.  Prothrombin 
complex  concentrate  for  critical  bleeding.  Ann 
Pharmacother.  201 1;45  (7-8):  990-9. 

25.  Koch  DG,  Arguedas  MR,  Fallon  MB.  Risk  of  aspira¬ 
tion  pneumonia  in  suspected  variceal  hemorrhage:  the 
value  of  prophylactic  endotracheal  intubation  prior  to 
endoscopy.  Dig  Dis  Sci.  2007;52(9):2225-8. 

26.  Rudolph  SJ,  Landsverk  BK,  Freeman  ML. 
Endotracheal  intubation  for  airway  protection  during 
endoscopy  for  severe  upper  GI  hemorrhage. 
Gastrointest  Endosc.  2003;57(1):58-61. 

27.  Shaheen  NJ,  Stuart  E,  Schmitz  SM,  Mitchell  KL, 
Fried  MW,  Zacks  S,  et  al.  Pantoprazole  reduces  the 
size  of  postbanding  ulcers  after  variceal  band  ligation: 
a  randomized,  controlled  trial.  Hepatology.  2005; 
41(3):588-94. 


544 


E.A.  Belloli  and  S.E.  Gay 


28.  Lo  EA,  Wilby  KJ,  Ensom  MH.  Use  of  proton  pump 
inhibitors  in  the  management  of  gastroesophageal 
varices:  a  systematic  review.  Ann  Pharmacother. 
2015;49(2):207-19. 

29.  Alaniz  C,  Mohammad  RA,  Welage  LS.  Continuous 
infusion  of  pantoprazole  with  octreotide  does  not 
improve  management  of  variceal  hemorrhage. 
Pharmacotherapy.  2009 ; 29 (3 ) : 248-54 . 

30.  Lo  GH,  Perng  DS,  Chang  CY,  Tai  CM,  Wang  HM,  Lin 
HC.  Controlled  trial  of  ligation  plus  vasoconstrictor 
versus  proton  pump  inhibitor  in  the  control  of  acute 
esophageal  variceal  bleeding.  J  Gastroenterol  Hepatol. 
2013;28(4):684-9. 

31.  Chojkier  M,  Conn  HO.  Esophageal  tamponade  in  the 
treatment  of  bleeding  varices.  A  decadel  progress 
report.  Dig  Dis  Sci.  1980;25(4):267-72. 


32.  Garcia-Pagan  JC,  Caca  K,  Bureau  C,  Laleman  W, 
Appenrodt  B,  Luca  A,  et  al.  Early  use  of  TIPS  in 
patients  with  cirrhosis  and  variceal  bleeding.  N  Engl 
J  Med.  2010;362(25):2370-9. 

33.  Saad  WE,  Simon  Jr  PO,  Rose  SC.  Balloon-occluded 
retrograde  transvenous  obliteration  of  gastric  vari¬ 
ces.  Cardiovasc  Intervent  Radiol.  2014;37(2): 
299-315. 

34.  Sabri  SS,  Abi-Jaoudeh  N,  Swee  W,  Saad  WE, 
Turba  UC,  Caldwell  SH,  et  al.  Short-term  rebleed¬ 
ing  rates  for  isolated  gastric  varices  managed  by 
transjugular  intrahepatic  portosystemic  shunt  ver¬ 
sus  balloon-occluded  retrograde  transvenous  oblit¬ 
eration.  J  Vase  Interv  Radiol  JVIR.  2014;25(3): 
355-61. 


Acute  Pancreatitis 


63 


Margaret  F.  Ragland  and  Curtis  H.  Weiss 


Case  Presentation 

Mr.  Johnson  is  a  52-year-old  man  with  a  history 
of  diabetes  mellitus  type  II  and  hyperlipidemia 
who  presents  to  the  emergency  department  with 
6  h  of  severe  epigastric  pain,  nausea,  and  vomit¬ 
ing.  His  pain  radiates  to  the  back,  is  worsened 
with  eating,  and  he  had  emesis  initially  of  undi¬ 
gested  food,  now  of  clear  liquid.  There  is  no 
additional  past  medical  or  surgical  history.  He  is 
intermittently  adherent  to  his  prescribed  medica¬ 
tions,  including  atorvastatin,  metformin,  and 
glipizide.  He  has  no  significant  family  history. 
He  works  as  a  certified  public  accountant,  has  an 
18  pack-year  smoking  history,  drinks  four  alco¬ 
holic  drinks  most  nights  of  the  week,  and  uses  no 
recreational  drugs. 

His  temperature  is  99.7  °F,  blood  pressure 
152/91,  pulse  124  beats  per  minute,  respiratory 
rate  1 8  breaths  per  minute,  and  oxygen  saturation 
98  %  on  ambient  air.  He  appears  uncomfortable, 
diaphoretic,  has  dry  mucus  membranes,  and  his 
abdomen  is  diffusely  tender  to  palpation,  though 
most  notably  in  the  epigastrium  and  left  upper 
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quadrant.  Initial  laboratory  examination  is  sig¬ 
nificant  for  the  following:  white  blood  cell  count 
10.9  cells  per  microliter  (cells/pL),  hemoglobin 
16.4  g  per  deciliter,  platelets  345  cells/pL,  sodium 
131  milliequivalents  per  liter  (mEq/L),  potassium 
3.3  mEq/L,  chloride  101  mEq/L,  bicarbonate 
25  mEq/L,  blood  urea  nitrogen  (BUN)  22  mg/dl 
(mg/dL),  creatinine  1.7  mg/dL  (his  baseline  cre¬ 
atinine  of  0.9  mg/dL  was  last  measured  2  months 
ago).  Liver  function  tests  are  within  normal  lim¬ 
its,  serum  amylase  is  347  units  per  liter  (U/L), 
and  serum  lipase  is  634  U/L. 

Question  What  is  the  diagnosis? 

Answer  Current  guidelines  from  the  American 
College  of  Gastroenterology  (ACG)  suggest  at 
least  two  of  the  following  criteria  be  present  to 
make  a  diagnosis  of  acute  pancreatitis:  (1) 
abdominal  pain  consistent  with  acute  pancreati¬ 
tis,  (2)  serum  amylase  and/or  lipase  at  least  three 
times  the  upper  limit  of  normal,  and/or  (3)  char¬ 
acteristic  imaging  findings  (Fig.  63.1)  [1,  2]. 

These  recommendations  acknowledge  that 
initial  serum  amylase  is  less  sensitive  for  acute 
pancreatitis  than  serum  lipase  (especially  in  alco¬ 
holic  and  gallstone  pancreatitis)  and  remains 
elevated  for  a  shorter  period  of  time  than  serum 
lipase,  and  is  therefore  not  necessary  to  make  the 
diagnosis  [3,  4].  Sensitivity  of  lipase  alone  in 
diagnosing  acute  pancreatitis  within  the  first  day 
of  onset  has  been  estimated  at  100  %,  with  speci¬ 
ficity  during  this  same  time  period  around  84  % 


©  Springer  International  Publishing  Switzerland  2017 

R.C.  Hyzy  (ed.),  Evidence-Based  Critical  Care ,  DOI  10.1007/978-3-319-43341-7_63 


545 


546 


M.F.  Ragland  and  C.H.  Weiss 


Fig.  63.1  Axial  contrast-enhanced  CT  showing  a  mildly 
enlarged  pancreas  (A),  with  normal  contrast  enhancement 
and  peripancreatic  fat  stranding  and  fluid  ( B ),  consistent 
with  acute  interstitial  edematous  pancreatitis 

(lipase  above  the  upper  limit  of  normal)  [4]. 
Lipase  can  be  elevated  in  non-pancreatic  pathol¬ 
ogy  including  kidney  disease,  appendicitis,  cho¬ 
lecystitis,  and  other  diseases  of  the  gastrointestinal 
system,  so  diagnosis  cannot  be  based  on  this 
laboratory  value  alone.  Radiographic  imaging  is 
not  necessary  but  can  be  helpful  if  the  history 
and/or  laboratory  parameters  do  not  confirm  the 
diagnosis  but  suspicion  for  acute  pancreatitis 
remains. 

Principles  of  Management 

Disease  Burden,  Diagnosis, 
and  Assessment  of  Severity 

Acute  pancreatitis  is  the  most  common  gastroin¬ 
testinal  diagnosis  necessitating  hospital  admis¬ 
sion,  with  US  estimations  in  2012  totaling 
274,119  discharges,  almost  1.5  million  hospital 
days,  and  a  total  annual  cost  of  $2.6  billion  [5]. 
While  estimations  of  risk  of  mortality  due  to 
acute  pancreatitis  are  generally  low  (around  1  %) 
[5],  significant  morbidity  can  result  from  local 
complications  including  pancreatic  pseudocyst 
and  necrosis  as  well  as  systemic  complications 
including  sepsis,  renal  failure,  and  the  acute  respi¬ 
ratory  distress  syndrome.  There  are  a  number  of 
different  scoring  systems  to  assess  pancreatitis 


Table  63.1  Pancreatitis  severity,  revised  atlanta  criteria 


Mild  acute 
pancreatitis 

Moderately  severe 
acute  pancreatitis 

Severe  acute 
pancreatitis 

No  organ  failure 

Local 

Persistent 

and  no  local 

complications 

organ  failure 

complications 

and/or  transient 

(greater  than 

organ  failure  (less 

48  h),  may 

than  48  h) 

involve  one 

or  more 

organs 

Data  from  Banks  et  al.  [7] 


Table  63.2  BISAP  criteria 


BISAP  score 

In-hospital  mortality  (percent) 

0 

0.1 

1 

0.2 

2 

1.6 

3 

3.6 

4 

7.4 

5 

9.5 

Data  from  Wu  et  al.  [6] 

BISAP  score  =  add  together  one  point  for  each  of  the  fol¬ 
lowing:  BUN  >  25  mg/dL;  2  or  more  systemic  inflamma¬ 
tory  response  syndrome  criteria  (SIRS);  age  >  60  years; 
pleural  effusion.  Predicted  mortality  (right)  is  listed 
according  to  the  to  BISAP  score  (left). 

severity,  and  two  commonly  used  systems  are  the 
Atlanta  Criteria  and  more  recently,  the  BISAP 
criteria  [6].  The  Atlanta  Criteria  have  long  been 
used  to  assess  severity  in  acute  pancreatitis,  and 
most  recently  were  updated  in  2012  (Table  63.1) 
[2,  7].  While  they  are  easy  to  use  and  can  assist  in 
triage  and  decisions  regarding  specialist  consul¬ 
tation  and/or  referral,  they  do  not  predict  out¬ 
comes.  The  BISAP  criteria  were  more  recently 
presented,  and  have  the  advantage  of  being  sim¬ 
ple  to  calculate,  with  only  one  subjective  measure 
and  are  able  to  predict  mortality  (Table  63.2)  [6]. 

Intravenous  Fluids 

There  are  no  approved  pharmacologic  treatments 
for  acute  pancreatitis,  and  the  only  intervention 
that  has  strong  data  to  suggest  reduced  morbidity 
and  mortality  is  aggressive  fluid  resuscitation  [8]. 
The  optimal  timing,  dose,  and  monitoring  strat¬ 
egy  are  still  not  agreed  upon,  and  there  is  little 
prospective  data  to  inform  recommendations  [9] . 
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One  of  the  few  prospective  studies  to  investigate 
volume  resuscitation  in  acute  pancreatitis  was  a 
four  arm  trial  of  forty  patients  that  compared 
goal-directed  fluid  therapy  with  normal  saline, 
goal-directed  fluid  therapy  with  Lactated  Ringer’s 
(targeting  BUN  decrease  or  normalization),  stan¬ 
dard  fluid  therapy  with  normal  saline,  and  stan¬ 
dard  fluid  therapy  with  Lactated  Ringer’s.  Mean 
volume  administered  in  both  goal-directed  and 
standard  therapy  groups  was  similar,  and  there 
was  a  significant  decrease  in  the  systemic  inflam¬ 
matory  response  syndrome  and  C-reactive  pro¬ 
tein  at  24  h  in  the  Lactated  Ringer’s  groups 
compared  to  the  normal  saline  groups,  but  no  dif¬ 
ference  in  length  of  stay,  infection,  organ  failure, 
or  death  [10].  Reviews  and  professional  societies 
recommend  variations  in  dosing,  however  a  com¬ 
mon  practice  is  to  provide  250-500  ml/h  isotonic 
crystalloid  solution  for  the  first  12-24  h  in  the 
absence  of  limiting  cardiac  and  renal  comorbidi¬ 
ties  [1]. 

Antibiotics 

Routine  antibiotics  in  acute  pancreatitis  are  not 
recommended  [1].  A  recent  meta- analysis  of  six 
clinical  trials  of  patients  with  necrotizing  pancre¬ 
atitis  found  that  prophylactic  antibiotic  use  was 
not  associated  with  reduced  risk  of  infected 
necrosis  or  mortality,  but  did  find  a  statistically 
significant  reduction  in  hospital  stay  [11].  ACG 
recommends  empiric  antibiotics  only  in  extra- 
pancreatic  infection  (including  cholangitis  and 
bacteremia),  no  antibiotics  for  sterile  necrosis, 
and  consideration  of  antibiotics  in  patients  with 
necrosis  who  fail  to  improve  after  7-10  days  of 
supportive  management,  with  consideration  of 
CT-guided  fine-needle  aspiration  to  guide  ther¬ 
apy,  using  antibiotics  only  if  there  is  a  positive 
Gram  stain  or  culture  [1]. 

Pain  Control 

Analgesia  in  acute  pancreatitis  is  typically  achieved 
with  intravenous  opioids.  Data  surrounding  opti¬ 
mal  drug,  route,  dose,  and  monitoring  has  not  been 


established.  A  recent  Cochrane  review  on  the  topic 
concluded  the  existing  evidence  does  not  support 
any  one  practice  for  pain  control  over  another  and 
additional  evidence  should  be  pursued  [12]. 

Etiology 

The  most  common  etiologies  of  acute  pancreatitis 
are  alcoholic  and  gallstone,  while  hypertriglyceri¬ 
demia,  post-endoscopic  retrograde  cholangiopan¬ 
creatography,  acute  human  immunodeficiency 
virus  infection,  and  medications  (commonly  furo- 
semide,  vinca  alkaloids,  azothiaprine,  and  didano- 
sine)  are  also  frequent  causes  [13].  In  the  United 
States,  recent  estimations  suggest  that  the  etiol¬ 
ogy  of  acute  pancreatitis  is  most  commonly  idio¬ 
pathic  (36%),  followed  by  gallstones  (28%),  and 
alcoholic  (19  %)  [14].  In  addition  to  taking  a  thor¬ 
ough  history  focusing  on  previous  episodes  of 
acute  pancreatitis,  alcohol  use,  history  of  gall¬ 
stone  disease,  and  medications,  ACG  recom¬ 
mends  performing  a  transabdominal  ultrasound  in 
all  patients  with  acute  pancreatitis  to  assess  for 
gallstone  disease  [1].  The  Dutch  Pancreatitis 
Study  Group  notes  that  abdominal  ultrasound  is 
widely  available,  noninvasive,  and  inexpensive, 
although  it  is  not  sensitive  for  common  bile  duct 
stones  [15,  16].  In  patients  without  another  clear 
explanation  for  their  pancreatitis  and  in  whom 
abdominal  ultrasound  was  negative  for  choleli¬ 
thiasis,  contrast  enhanced  computed  tomography 
and/or  magnetic  resonance  cholangiopancreatog¬ 
raphy  should  be  considered,  with  the  latter  dem¬ 
onstrating  higher  sensitivity  for  smaller  stones 
than  the  former  (40  %  vs.  80  %,  respectively)  [16]. 
Imaging  should  only  be  pursued  if  there  is  no 
clear  etiology  of  the  acute  pancreatitis  or  the 
patient  fails  to  improve  clinically  within  48-72  h 
of  presentation  [11].  In  the  absence  of  suggestive 
alcohol  use  or  obstructing  gallstone  on  imaging, 
serum  triglycerides  should  be  checked  with 
>1000  mg/dL  consistent  with  triglyceride-induced 
pancreatitis  [1].  Risks  and  benefits  of  ERCP 
should  be  discussed  in  light  of  clinical  suspicion 
of  a  radiographically  occult  obstructive  stone  or 
other  foreign  body  in  the  biliary  tree  [1]  Fig.  63.2, 
Table  63.3. 
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Fig.  63.2  Transabdominal  ultrasound  showing  an  echo- 
genic  structure  in  the  common  bile  duct  with  acoustic 
shadowing  and  no  internal  flow  causing  dilatation  of  the 
common  bile  duct,  consistent  with  choledocholithiasis 

Table  63.3  ACG  recommendations  for  ERCP  in  acute 
pancreatitis 

1 .  Patients  with  acute  pancreatitis  and  concurrent  acute 
cholangitis  should  undergo  ERCP  within  24  h  of 
admission  (strong  recommendation,  moderate 
quality  of  evidence) 

2.  ERCP  is  not  needed  early  in  most  patients  with 
gallstone  pancreatitis  who  lack  laboratory  or  clinical 
evidence  of  ongoing  biliary  obstruction  (strong 
recommendation,  moderate  quality  of  evidence) 

3.  In  the  absence  of  cholangitis  and/or  jaundice, 

MRCP  or  endoscopic  ultrasound  rather  than 
diagnostic  ERCP  should  be  used  to  screen  for 
choledocholithiasis  if  highly  suspected  (conditional 
recommendation,  moderate  quality  of  evidence) 

4.  Pancreatic  duct  stents  and/or  postprocedure  rectal 
non-steroidal  anti-inflammatory  drug  suppositories 
should  be  utilized  to  lower  the  risk  of  severe 
post-ERCP  pancreatitis  in  high-risk  patients 
(conditional  recommendation,  moderate  quality  of 
evidence) 

From  Tenner  et  al.  [1].  Reprinted  with  permission  from 
Nature  Publishing  Group 


Evidence  Contour 

Early  Nutritional  Support 

While  the  management  of  acute  pancreatitis  has 
remained  mostly  unchanged  for  many  years,  cur¬ 
rently  the  most  hotly  debated  aspect  of  treatment 
is  the  timing  and  method  of  nutritional  support. 
Traditionally,  it  was  thought  that  enteral  feeding 
stimulates  the  pancreas  to  secrete  proteolytic 
enzymes,  which  in  turn  stimulate  further  local 
inflammation.  Current  understanding,  however, 


supports  the  thought  that  withholding  enteral 
feeding  causes  hypomotility  in  the  gastrointesti¬ 
nal  tract,  changing  intraintestinal  microflora  and 
resulting  in  bacterial  overgrowth  and  transloca¬ 
tion,  leading  to  both  local  and  systemic  compli¬ 
cations  such  as  abscess,  necrosis,  and  sepsis  [17]. 
Furthermore,  data  suggests  that  a  substantial 
number  of  patients  experience  a  decline  in  their 
nutritional  status  during  their  hospital  stay  and 
that  these  patients  experience  a  significant 
increase  in  number  of  complications  during  their 
stay  [18].  Based  on  this  information,  ACG  sug¬ 
gests  oral  feedings  be  started  immediately  once 
nausea,  vomiting,  and  abdominal  pain  have 
resolved  [1].  Recent  studies  have  focused  on 
determining  the  appropriate  method  and  timing 
of  feeding  in  acute  pancreatitis  when  symptoms 
have  not  yet  resolved.  A  number  of  randomized 
controlled  trials  have  looked  at  the  safety  and 
appropriateness  of  enteral  versus  parental  nutri¬ 
tion  in  acute  pancreatitis.  A  meta- analysis  of  six 
studies  found  a  significantly  lower  risk  of  infec¬ 
tious  complications  when  enteral  nutrition  was 
used  over  parental  nutrition  [19].  There  was  also 
a  trend  towards  significance  in  favor  of  enteral 
nutrition  when  looking  at  complications  aside 
from  infection  (including  the  acute  respiratory 
distress  syndrome,  multi-organ  failure,  acute 
pseudocyst,  and  pancreatic  fistula),  need  for  sur¬ 
gical  intervention,  and  mortality  [19].  Regarding 
timing  of  feeding,  a  recent  meta-analysis  com¬ 
bined  data  of  11  studies  (prospective  and  retro¬ 
spective)  of  nasojejunal  and  nasogastric  feeding 
and  demonstrated  that  early  enteral  nutrition 
(within  48  h  of  admission)  compared  to  late  feed¬ 
ing  (enteral  or  parenteral)  demonstrated  a  signifi¬ 
cantly  decreased  risk  of  infectious  complications, 
decreased  length  of  hospital  stay,  and  risk  of  mor¬ 
tality  [20].  Regarding  nasogastric  compared  to 
nasojejunal  feedings,  some  providers  are  con¬ 
cerned  about  stimulating  gastric  acid  secretion 
and  worsening  local  pancreatic  inflammation 
with  gastric  feeding  while  others  are  concerned 
about  delaying  feedings  due  to  the  higher  com¬ 
plexity  of  placing  a  nasojejunal  tube  compared  to 
a  nasogastric  tube  [17].  While  additional  studies 
need  to  be  completed  to  further  clarify  which 
method  is  preferred,  current  evidence  based  on  a 


63  Acute  Pancreatitis 


549 


meta-analysis  of  three  studies  totaling  just  over 
150  patients  suggests  that  there  is  a  trend  towards 
reduced  mortality  with  nasogastric  feeding  com¬ 
pared  to  nasojejunal  feeding  with  minimal  differ¬ 
ence  in  risk  of  exacerbation  of  pain  between  the 
two  methods  [21]. 
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Case  Presentation 

A  27  year  old  Caucasian  woman  with  a  history  of 
intravenous  drug  use,  narcotic  abuse,  and  depres¬ 
sion  presented  to  the  emergency  department  after 
being  found  down  by  her  family.  The  patient  had 
been  unable  to  obtain  her  psychiatric  medications 
of  mirtazapine,  escitalopram,  and  lorazepam  and 
was  reporting  increasing  symptoms  of  depression 
and  anxiety  in  the  past  few  weeks.  There  was  a 
history  of  Percocet  abuse  in  the  past  6  months, 
and  she  had  recently  been  diagnosed  as  a  carrier 
of  Huntington’s  disease. 

At  presentation,  she  was  hypothermic 
(33.7  °C)  and  hypotensive  (70/40),  which 
improved  to  90/56  with  fluid  resuscitation.  Initial 
ABG  revealed  pH  7.0,  pC02  of  17  and  p02  of  153 
on  4 1  of  supplemental  oxygen  with  a  lactate  level 
of  19  mmol/1  (nl  <2.0).  She  was  unresponsive  and 
moaning  with  dilated  but  reactive  pupils  and  nor¬ 
mal  reflexes  throughout.  Initial  serum  AST  was 
9349  IU/1,  ALT  6550  IU/1,  total  bilirubin  3.0  mg/ 
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dl,  INR  5.9  and  serum  creatinine  1.63  mg/dl.  The 
initial  white  blood  cell  count  was  36.9  k/ml, 
hemoglobin  15.9  mg/dl,  and  platelets  were 
204,000/ml.  Her  initial  serum  acetaminophen 
(APAP)  level  was  35  ug/mL  and  urine  drug 
screen  was  positive  for  opioids,  benzodiazepines, 
and  oxycodone.  She  was  intubated  for  airway 
protection  and  transferred  to  the  ICU  for  further 
management. 

The  patient  was  started  on  IV  NAC 
(Acetadote©,  Cumberland  Pharmaceuticals, 
Nashville,  TN)  for  presumed  narcotic-APAP 
overdose  in  the  setting  of  poorly  controlled 
depression  with  high  serum  aminotransferase  lev¬ 
els  and  lactic  acidosis  at  presentation.  Initial  head 
CT  (Fig.  64.1)  and  chest  x-ray  were  unremarkable 
and  propofol  sedation  was  used  while  maintain¬ 
ing  the  head  of  the  bed  >30°.  Sedation  was  peri¬ 
odically  weaned  for  neurologic  exams,  and  she 
was  able  to  follow  simple  commands,  open  her 
eyes,  and  localize  pain.  After  several  liters  of 
volume  expansion,  she  was  transiently  placed  on 
norepinephrine  for  hypotension,  which  was 
subsequently  weaned  off  over  the  following  24  h. 

Broad- spectrum  antibiotics  consisting  of  van¬ 
comycin  and  cefepime  were  started  given  her 
leukocytosis  and  concern  for  possible  aspiration 
pneumonia.  Sputum  culture  grew  pan- sensitive 
Streptococcus  pneumonia  and  her  antibiotic  regi¬ 
men  was  narrowed  to  cefepime  at  ICU  day  #2. 
Her  initial  Factor  V  level  was  undetectable  (i.e. 
<5  %),  but  lactate  level  improved  to 
5.1  mmol/1.  After  initial  improvement  with 
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Fig.  64.1  Non-contrast  head  CT  at  initial  presentation. 
There  was  no  evidence  of  cerebral  edema  despite  mark¬ 
edly  impaired  mental  status 


Fig.  64.2  Non-contrast  head  CT  at  hospital  day  2.  The 
scan  demonstrates  evidence  of  diffuse  cerebral  edema 
with  loss  of  the  grey-white  juncture  and  reduced  sulcal 
folds  throughout 


aggressive  fluid  resuscitation,  her  creatinine  rose 
to  1.86  mg/dl  by  48  h.  IV  vitamin  K  was  given 
with  initial  improvement  in  her  INR  to  1.2,  but 
this  began  to  rise  again  to  2.5  by  ICU  day  #2. 
Approximately  48  h  into  her  hospitalization,  her 
neurologic  exam  worsened,  and  she  was  unable 
to  follow  commands.  A  repeat  non-contrast  head 
CT  showed  evidence  of  cerebral  edema 
(Fig.  64.2). 

Question  What  intervention  is  now 
recommended? 

Answer  Intracranial  pressure  monitoring  for 
cerebral  edema. 

After  infusion  of  3  units  of  FFP  and  5000 
Units  of  recombinant  FVIIa,  a  codman  ICP  mon¬ 
itor  (DePuy  Synthes,  Raynham,  MA)  was  placed 
by  neurosurgery,  which  showed  an  initial  ICP  of 
35  mmHg.  Resumption  of  the  propofol  infusion 
improved  the  ICP  to  6-15  (goal  <20).  In  addition, 
target  levels  of  serum  sodium  (>150  mg/dl), 
osmolality  (>120  mOsm/1),  and  a  pC02  (25- 
30  mmHg)  were  met  without  additional  treat¬ 
ment.  Due  to  the  history  of  recurrent  illicit  drug 
abuse  and  severe  psychiatric  disease,  she  was  not 
felt  to  be  a  liver  transplant  candidate. 


On  hospital  day  3,  her  ICP  monitor  registered 
an  acute  increase  from  <20  to  45  mmHg. 
Intravenous  mannitol  60  g  and  hypertonic  saline 
were  initiated,  despite  serum  sodium  level  of  151 
and  osmolarity  of  336,  respectively.  Sedation  was 
also  increased  with  propofol.  She  then  developed 
seizure-like  activity  with  rhythmic  twitching  of 
her  jaw  and  a  pentobarbitol  bolus  with  subse¬ 
quent  continuous  infusion  was  given. 
Approximately  5  h  later,  her  ICP  dropped  pre¬ 
cipitously  to  4  mmHg  with  a  neurologic  exam 
showing  fixed,  dilated  pupils  bilaterally.  A  repeat 
head  CT  showed  worsening  cerebral  edema  with 
blurring  of  the  grey-  white  interface  and  early  left 
uncal  herniation.  An  EEG  showed  no  seizure 
activity. 

Due  to  the  concern  of  possible  brain  hernia¬ 
tion,  her  sedation  was  held.  After  6  h  of  com¬ 
pletely  absent  corneal,  gag/cough  reflex  and  with 
persistently  fixed  and  dilated  pupils,  neurology 
assessed  the  patient  as  having  a  grim  prognosis 
with  high  risk  of  brain  death.  A  Technetium 
sulfur-colloid  scan  was  proposed  to  confirm  the 
absence  of  intracranial  blood  flow  but  due  to  her 
persistently  poor  hepatic  function  with  an  ALT  of 
2978  IU/1,  INR  4.4  and  concomitant  multi-organ 
failure,  her  family  elected  to  withdraw  care  and 
she  passed  away  after  extubation. 
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Fig.  64.3  Etiology  of  ALF 
in  adults  enrolled  in  the 
ALFSG  from  1998  to  2014 
(Figure  courtesy  of 
William  M.  Fee,  MD  and 
the  Acute  Fiver  Failure 
Study  Group) 


Etiology  of  Acute  Liver  Failure  in  the  USA 
Adult  Registry  (n  =  2,224) 
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Acute  liver  failure  (ALF)  is  defined  as  the  sud¬ 
den  onset  of  severe  liver  injury  resulting  in  coag¬ 
ulopathy  (i.e.  INR  >1.5)  and  encephalopathy,  in  a 
patient  with  no  prior  history  of  liver  disease. 
Most  studies  define  ALF  as  injury  onset  in  the 
past  26  weeks,  but  the  majority  of  patients  pres¬ 
ent  with  non-specific  symptoms  of  malaise,  leth¬ 
argy,  and  nausea/vomiting  for  <8  weeks  [1,  2]. 
APAP  overdose  is  the  most  common  cause  of 
ALF  in  western  countries  accounting  for  nearly 
50%  of  consecutive  adult  cases  (Fig.  64.3). 
Although  the  majority  of  the  60,000  annual 
APAP  overdoses  in  the  US  are  intentional  and 
recover  with  supportive  care,  non-intentional 
APAP  overdoses  account  for  nearly  50  %  of  the 
>500  patients  who  progress  to  ALF  each  year  [3]. 
Most  non-intentional  APAP  overdose  cases  result 
from  the  ingestion  of  excessive  quantities  of 
over-the-counter  products  that  contain  APAP 
and/or  prescription  narcotic-APAP  analgesic 
congeners  taken  over  several  days  for  various  ail¬ 
ments.  The  frequency  of  alcohol  abuse  and  psy¬ 
chiatric  co-morbidity  is  similar  in  the  intentional 
versus  non-intentional  APAP  patients  [3]. 
Although  non-intentional  overdose  patients  have 
more  advanced  encephalopathy  at  presentation, 
they  have  a  similar  rate  of  3 -week  spontaneous 
survival  as  the  intentional  overdose  patients 
(70%). 


Principles  of  Management 
Etiology  of  ALF 

Due  to  the  inability  to  reliably  obtain  a  medica¬ 
tion  and  medical  history,  all  adults  with  ALF 
should  have  a  serum  APAP  level  checked.  In 
addition,  any  suspicion  of  APAP-induced  liver 
injury  should  lead  to  immediate  treatment  with 
n-acetylcysteine  (NAC)  (Table  64.1  Treatment  of 
APAP-induced  ALF)  [4].  The  Rumack-Matthew 
nomogram  is  helpful  in  determining  the  likeli¬ 
hood  of  APAP  hepatotoxicity  developing  in 
patients  with  a  single  time  point  APAP  overdose 
and  should  also  be  repeated  4  h  after  initial  pre¬ 
sentation.  However,  the  nomogram  should  not  be 
used  to  guide  NAC  treatment  decisions  in  patients 
who  inadvertently  ingest  excessive  quantities  of 
APAP  over  several  days  and  have  low  or  unde¬ 
tectable  serum  APAP  levels  at  presentation. 
Patients  with  APAP  overdose  may  initially  have 
normal  serum  aminotransferase  levels  or  only 
evidence  of  an  isolated  INR  elevation  or  meta¬ 
bolic  acidosis.  However,  the  majority  of  patients 
with  hepatotoxicity  develop  a  serum  ALT  >1000 
within  24  h  of  hospitalization  and  most  of  them 
have  normal  or  only  minimally  elevated  total  bili¬ 
rubin  levels.  The  possibility  of  acute  viral  hepati¬ 
tis  (hepatitis  A,  B,  C,  and  cytomegalovirus 
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Table  64.1  Recommended  treatment  of  acetaminophen 
overdose 

Oral  treatments 

Within  4  h  of  APAP  ingestion 

Ipecac  syrup,  15  ml  once;  repeat  in  20  min  if 
needed  to  induce  emesis 
Nasogastric  lavage  of  pill  fragments 
Activated  charcoal,  1  g/kg  body  weight  (max  dose 
50  g) 

Should  be  given  before  oral  NAC 

Within  24  h  of  APAP  ingestion  and  ability  to  tolerate 
oral  intake 

Oral  NAC  to  replete  glutathione  stores 
Oral  NAC  dosing:  140  mg/kg  load  followed  by 
70  mg/kg  every  4  h  for  17  doses  or  until  INR  <1.5a 
Give  ondansetron/prochlorperazine  or  mix  with 
carbonated  beverage  to  improve  GI  tolerability 

Intravenous  N-acetylcysteine  infusion 

Indications:  Subjects  with  severe  nausea/vomiting 
unable  to  tolerate  oral  NAC,  short-gut,  known  ileus, 
and  pregnant  women 

Dose  1.  Loading  Dose:  150  mg/kg  NAC  in  200  ml 
D5W  over  1  h 

Dose  2.50  mg/kg  NAC  in  500  ml  D5W  over  4  h 
Dose  3.  125  mg/kg  NAC  in  1000  ml  D5W  over  19  h 
Dose  4.  150  mg/kg  NAC  in  1000  ml  D5W  over  24  h 
Dose  5.  150  mg/kg  NAC  in  1000  ml  D5W  over  24  h 

Cautions 

1.  Contraindications:  sulfa  allergy 

2.  If  Acetadote  (Cumberland  Pharmaceuticals, 
Nashville,  TN)  is  unavailable,  standard  oral  NAC 
can  be  mixed  for  IV  administration  using  a 
leukopore  biter.  (Consultation  with  local  ICU 
pharmacy) 

3.  Telemetry  monitoring  recommended  for 
arrhthymias  and  adverse  effects 

4.  Potentially  severe  anaphylactoid  and 
hypersensitivity  reactions  reported  in  up  to  3  %  of 
treated  patients 

Bronchospasm,  nausea,  rash,  and  pruritis  have 
been  reported 

If  reaction  occurs,  hold  infusion,  administer  IV 
buids,  IV  diphenydramine,  and  corticosteroids  as 
needed 

Consider  restarting  infusion  at  50%  rate  if 
reaction  abates  and  not  severe 

Adapted  from  Bari  and  Fontana  [3] 

aConsider  antiemetics  or  switch  to  IV  NAC  for  refractory 

nausea  and  vomiting 

(CMV),  Epstein-Barr  virus  (EBV),  and  herpes 
simplex  virus  (HSV))  should  be  excluded  early 
on  as  well  as  potential  hepatic  ischemia  due  to 
underlying  cardiopulmonary  disease  or  volume 
depletion.  A  thorough  diagnostic  workup  is  rec¬ 
ommended  to  identify  treatable  causes  of  ALF 


such  as  autoimmune  hepatitis,  Wilson’s  disease, 
or  acute  HBV  infection  (Table  64.2). 

The  etiology  of  ALF  is  closely  linked  with  the 
likelihood  of  hepatic  recovery  and  spontaneous 
survival.  For  example,  subjects  with  APAP  over¬ 
dose,  hepatitis  A,  hepatic  ischemia,  and  preg¬ 
nancy  related  ALF  generally  have  a  favorable 
prognosis  for  spontaneous  recovery  (50-70%) 
while  subjects  with  idiosyncratic  drug-induced 
liver  injury  (DILI),  autoimmune  hepatitis,  and 
indeterminate  ALF  only  have  a  20-50%  likeli¬ 
hood  of  spontaneous  recovery  [1,5].  The  modi¬ 
fied  King’s  College  Criteria  (Table  64.3)  are 
frequently  used  to  help  guide  treatment  and  man¬ 
agement  decisions  in  both  APAP  and  non- APAP 
related  ALF  patients  [7] . 

Correction  of  Coagulopathy 

ALF  is  frequently  associated  with  thrombocyto¬ 
penia  as  well  as  marked  derangements  in  various 
clotting  factor  levels  leading  to  an  elevated  INR, 
low  Factor  V  levels  (<50  %),  and  evidence  of  dis¬ 
seminated  intravascular  coagulation.  Serial  mea¬ 
surement  of  INR  and  Factor  V  levels  can  provide 
important  prognostic  information  at  the  bedside 
regarding  the  recovery  of  hepatic  function. 
However,  clinically  significant  spontaneous 
bleeding  is  observed  in  <10%  of  patients  pre¬ 
sumably  due  to  reduced  synthesis  of  clotting 
inhibitors  as  well  [8].  Therefore,  blood  products, 
such  as  fresh  frozen  plasma  (FFP),  platelets,  and 
cryoprecipitate  should  not  routinely  be  given, 
unless  invasive  procedures  are  planned  or  there  is 
active  bleeding.  However,  parenteral  vitamin  K 
(10  mg  SQ  or  IV  for  3  days)  is  recommended  for 
all  ALF  patients. 

Hemodynamic  Support 

ALF  patients  frequently  require  fluid  challenges 
as  well  as  vasopressor  support  during  their  ICU 
course  to  support  adequate  tissue  perfusion. 
Resuscitation  with  normal  saline  is  an  appropri¬ 
ate  first-line  response  to  hypotension  in  ALF 
patients,  but  the  potential  for  exacerbation  of 
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Table  64.2  Recommended  diagnostic  evaluation  for  adults  with  ALF 


Etiology 

Diagnostic  testing 

Treatment 

Acetaminophen 

Acetaminophen  level 

Urine  tox  screen 

N-acetylcysteine 

Acute  viral  hepatitis 

anti-HAV  IgM,  HBsAg,  anti-HBc 

IgM,  anti-HCV,  HCV  RNA, 

HSV-DNA  (PCR)a,  CMV-DNA 
(PCR)a,  EBV-DNA  (PCR)  or 
serologiesb 

Entecavir  for  HBV 

Acyclovir  for  HSV 

Wilson’s  disease 

Ceruloplasmin,  24-h  urine  copper, 
slit-lamp  examc 

Chelation  therapy 

Autoimmune  hepatitis 

Anti-nuclear  antibody  (ANA), 
anti- smooth  muscle  antibody 
(ASM A),  Immunoglobulin  levels, 
liver  biopsy 

Corticosteroids 

Ischemia 

Transthoracic  echocardiograma 

Fluids/pressors 

Budd-Chiari 

Liver  ultrasound  with  Doppler 

Anticoagulation 

Pregnancy-related 

Toxemia 

HELLP 

Acute  fatty  liver  of  pregnancy 

Serum  pregnancy  testing 

Urgent  delivery 

Idiosyncratic  DILI 

Medical  history  and  drug  exposure 

Drug  cessation 

Consider  N-acetylcysteine 

aIf  clinically  indicated  based  on  clinical  suspicion 

bEBV  viral  capsid  antigen  ( VCA )  IgG  and  IgM,  EBV  early  antigen  (EA)  IgG,  EBV  nuclear  antigen  (NA)  IgG 
cIf  high-level  of  clinical  suspicion  (age  <40,  other  etiologic  workup  negative)  (Adapted  from  Lee  et  al.  [5]) 


Table  64.3  King’s  college  criteria  for  adverse  outcomes 
in  ALF 


Acetaminophen  overdose 

Non-acetaminophen 

ALF 

Arterial  lactate  >3.5  mmol/1 

INR  >6.5  (PT 

4  h  after  resuscitation 

>100  s) 

OR 

OR  any  three  of  the 

pH  <7.30  or  arterial  lactate 

following 

>3.0  mmol/1  12  h  after 

INR  >3.5 

resuscitation 

(PT>50  s) 

OR 

Age  <10  or 

INR  >6.5  (PT  >100  s) 

>40  years 

Serum  creatinine  >3.4  mg/ 

Serum  bilirubin 

dL 

>17.5  mg/dL 

Stage  3  or  4  encephalopathy 

Duration  of 
jaundice  >7  days 
Etiology:  drug 
reaction 

Prognostic  models  should  not  be  the  sole  criteria  to  deter¬ 
mine  appropriateness  for  liver  transplant  [6] 


cerebral  and  pulmonary  edema  particularly  in 
patients  with  AKI  must  be  considered.  While  IV 
albumin  is  useful  in  the  management  of 
cirrhotics  with  spontaneous  bacterial  peritonitis, 


large- volume  paracentesis,  and  hepatorenal  syn¬ 
drome,  there  is  little  evidence  to  guide  its  use  in 
ALF  patients.  In  volume-refractory  hypoten¬ 
sion,  norepinephrine  or  dopamine  should  be 
used  to  maintain  an  adequate  MAP 
(i.e.>60  mmHg),  though  there  is  little  data  to 
recommend  a  specific  agent  [5].  Norepinephrine 
can  provide  blood  pressure  support  while  mini¬ 
mizing  tachycardia  and  preserving  hepatic 
blood  flow  [5].  Vasopressin  can  also  be  used, 
though  caution  is  needed  in  patients  with  an 
elevated  ICP  [9].  In  patients  with  hypotension 
that  is  refractory  to  fluids  and  vasopressor  sup¬ 
port,  hydrocortisone  treatment  for  adrenal  insuf¬ 
ficiency  may  be  of  value.  Studies  have  shown 
that  patients  with  ALF  can  have  adrenal  insuffi¬ 
ciency,  with  both  low  baseline  cortisol  levels  as 
well  as  failure  to  respond  appropriately  to 
cosyntropin  stimulation  testing  [10].  Patients 
who  fail  to  respond  to  stimulation  testing  have  a 
greater  likelihood  of  hemodynamic  instability 
requiring  vasopressor  support  [10].  However, 
corticosteroids  are  not  routinely  recommended 
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for  ALF  patients  due  to  the  lack  of  improved 
outcomes  and  potential  for  increased  infections 

[5,11]. 

Renal  Insufficiency 

Approximately  70%  of  ALF  patients  (and  APAP 
patients  in  particular)  develop  AKI  and  30% 
require  renal  replacement  therapy  during  their 
hospital  course  which  is  associated  with  a  lower 
rate  of  spontaneous  survival  [12].  Most  ALF 
patients  with  AKI  have  either  a  pre-renal  or  acute 
tubular  necrosis  (ATN)  component,  but  some 
may  develop  hepatorenal  physiology  as  well. 
Preservation  of  renal  perfusion,  early  recognition 
and  treatment  of  infection,  and  avoidance  of 
nephrotoxic  agents  (e.g.  iodinated  contrast 
media,  NSAID’s,  aminoglycosides)  is  recom¬ 
mended  to  preserve  renal  function.  Oliguric 
patients  with  progressive  azotemia  or  fluid  over¬ 
load  should  have  central  venous  pressure  moni¬ 
toring  and  be  initiated  on  renal  replacement 
therapy.  Continuous  venovenous  hemofiltration 
(CVVH)  is  preferred  over  hemodialysis  due  to 
the  less  frequent  hemodynamic  instability  and 
improved  outcomes  in  ALF  patients  [5,13]. 

Infection 

ALF  patients  are  functionally  immunocompro¬ 
mised  and  at  high  risk  for  both  bacterial  (>80  %) 
and  fungal  infections  (>20  %)  during  their  hospi¬ 
tal  course,  most  often  from  catheters  and  intrave¬ 
nous  lines.  Since  severe  infections  may  preclude 
liver  transplantation,  daily  urine,  sputum,  and 
blood  cultures  as  well  as  chest  x-rays  and  para¬ 
centesis  of  ascitic  fluid  are  recommended.  Broad- 
spectrum  antibiotics  covering  Gram  positive 
cocci  and  Gram  negative  rods  should  be  started 
for  any  suspected  infection,  unexplained  leuko¬ 
cytosis  or  worsening  of  mental  status,  and/or 
fever.  However,  prophylactic  antibiotics  and 
enteral  decontamination  in  the  absence  of  a  clini¬ 
cal  suspicion  for  infection  have  not  been  shown 
to  improve  outcomes  [5].  Fungal  infections  are 
notoriously  difficult  to  identify  and  may  present 


with  unexplained  hypotension,  worsening 
encephalopathy  or  multi-organ  failure  at  3-5 
days  after  initial  presentation  in  10-20%  of  ALF 
patients  and  are  associated  with  a  poorer  progno¬ 
sis  [2,14]. 

Neurologic  Complications 

Neurologic  manifestations  in  ALF  are  complex 
and  require  the  intensivist  to  pay  careful  attention 
to  metabolic  derangements,  infections,  and  medi¬ 
cations  as  well  as  the  potential  for  cerebral  edema 
to  develop.  The  development  of  encephalopathy 
in  ALF  patients  can  be  subtle  early  on  with  rapid 
progression  to  full  coma.  Management  differs 
depending  upon  the  stage  of  encephalopathy 
(Table  64.4  Stages  of  Encephalopathy),  but 
timely  recognition  of  worsening  mental  status 
should  prompt  consideration  of  cerebral  edema 
versus  medication  effects,  infection,  or  other 
metabolic  causes.  The  pathogenesis  of  cerebral 
edema  in  ALF  is  poorly  understood  but  is  hypoth¬ 
esized  to  be  the  result  of  rapid  increases  in  the 
circulating  levels  of  ammonia  and  proinflamma- 
tory  cytokines  which  can  lead  to  increased  con¬ 
version  of  glutamate  to  glutamine  by  astrocytes 
that  results  in  cellular  swelling.  In  addition,  loss 


Table  64.4  Stages  of  hepatic  encephalopathy  and  likeli¬ 
hood  of  recovery 


Stagea 

Spontaneous 
survival  (%) 

Mental  status  evaluation 

I 

70 

Mild  changes  in  mood; 
personality,  slurred  speech; 
sleep  disorder;  shortened 
attention  span 

II 

60 

Inappropriate  behavior; 
agitation  or  lethargy, 
minimal  disorientation  to 
place  and  time 

III 

40 

Somnolent  but  arousable  to 
verbal  command;  marked 
confusion,  incoherent 
speech;  gross  disorientation 

IV 

20 

Unarousable  to  painful 
stimuli  (comatose); 
decorticate  or  decerebrate 
posturing 

Adapted  from  Lee  et  al.  [5] 
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of  the  autoregulation  of  intracranial  bloodflow  is 
frequently  observed  in  more  advanced  encepha¬ 
lopathy  leading  to  increased  cerebral  bloodflow. 
Cerebral  edema  is  perhaps  the  most  serious  com¬ 
plication  of  ALF  and  remains  a  leading  cause  of 
death  through  uncal  herniation. 

Grade  1  encephalopathy  in  ALF  patients  can 
be  managed  expectantly  with  avoidance  of  neu¬ 
roactive  drugs,  maintaining  a  quiet  environment, 
and  addressing  any  metabolic  abnormalities 
including  an  elevated  temperature  and  hypogly¬ 
cemia.  Although  lactulose  is  routinely  used  in 
hospitalized  cirrhotic  patients  with  encephalopa¬ 
thy,  lactulose  has  not  been  shown  to  improve  out¬ 
comes  and  can  lead  to  bowel  ischemia  in  some 
ALF  patients.  Patients  are  often  intubated  and 
sedated  prior  to  completion  of  a  full  neurologic 
exam  so  attempts  to  hold  sedation  and  perform 
serial  exams  are  warranted.  As  patients  evolve 
into  Grade  2/3  encephalopathy,  a  non-contrast 
head  CT  can  help  exclude  other  causes  of  neuro¬ 
logic  decline  such  as  intracranial  bleeding  which 
is  seen  in  <5  %  of  ALF  patients.  However,  a  head 
CT  is  insensitive  for  detecting  intracranial  hyper¬ 
tension  in  ALF  patients  as  are  physical  exam 
findings  such  as  papilledema,  clonus,  and  loss  of 
pupillary  reflexes.  Nonetheless,  serial  neurologi¬ 
cal  exams  are  vital  for  tracking  a  patient’s  clinical 
course  over  time. 

Direct  intracranial  pressure  (ICP)  monitoring 
should  be  considered  when  encephalopathy  pro¬ 
gresses  to  grade  III/IV  to  help  guide  management 
of  systemic  hemodynamics,  fluid  status,  and  opti¬ 
mize  cerebral  bloodflow  [5].  Prior  studies  have 
shown  that  monitored  patients  receive  more 
interventions  (including  renal  replacement  ther¬ 
apy,  vasopressors,  and  blood  product  administra¬ 
tion)  and  are  more  likely  to  be  transplanted,  but 
do  not  have  improved  mortality  overall  [15].  The 
goal  of  ICP  monitoring  is  to  detect  and  effec¬ 
tively  manage  potentially  life-threatening  intra¬ 
cranial  hypertension.  The  precise  ICP  and 
cerebral  perfusion  pressure  (CPP  =  M  AP  -  ICP) 
targets  are  not  known  in  ALF  but  extrapolating 
from  the  traumatic  brain  injury  literature,  an  ICP 
goal  of  20-25  mmHg  and  a  CPP  goal  of 
50-60  mmHg  may  be  reasonable.  To  reduce  the 
risk  of  bleeding  complications  with  ICP  monitor 


placement,  FFP  and  platelet  infusions  are  fre¬ 
quently  administered  in  combination  with  recom¬ 
binant  FVIIa  (Table  64.5).  Currently, 
intraparenchymal  ICP  monitors  are  most  com¬ 
monly  used  while  external  ventricular  drains  are 
rarely  placed  due  to  bleeding  concerns  although 
they  do  allow  direct  drainage  of  CSF  to  improve 
ICP. 

Simple  measures  to  reduce  the  incidence  of 
intracranial  hypertension  in  ALF  patients  include 
keeping  the  head  of  the  bed  >30°  from  horizontal 
and  minimizing  suctioning,  coughing,  and  strain¬ 
ing,  as  well  as  controlling  pain.  In  addition, 
hyperventilation  of  a  patient  to  a  PC02  of 

Table  64.5  Recombinant  factor  Vila  infusion  protocol 

Indication"1 

Reduction  in  risk  of  peri-operative  bleeding  in  ALF 
patients  with  persistent  hypoprothrombinemia 
despite  FFP  infusion 

Urgent  ICP  monitor  placement  or  other  invasive 
surgery /procedure 

Mechanism  of  action 

Tissue  factor  release  leads  to  localized  clot 
formation 

rFVIIA  enhances  clot  formation  at  sites  of  tissue 
factor  release  for  2-8  h  with  a  half-life  of  2-4  h 

Contraindications 

Budd-Chiari 

Known  or  suspected  malignancy 
History  of  DVT/PE  or  current  pregnancy 
Hypersensitivity  to  vitamin  K  or  mouse/bovine/ 
hamster  proteins 

Administration 

Pre-op  FFP  (2  to  4  units)  with  persistent  INR  >1.5 
Pre-op  cryoprecipitate  if  fibrinogen  <100  mg/dL 
Pre-op  platelets  to  achieve  >50  k/ml 
Doseb:  80  pg/kg  IV  bolus  over  2-5  min  immediately 
prior  to  ICP  placement  (provides  up  to  4  h  window 
to  place  ICP  monitor) 

Do  not  wait  to  confirm  INR  correction  due  to  short 
half-life 

Lab  studies 

Pre-infusion:  CBC,  INR,  aPTT,  Factor  V, 
fibrinogen,  D-dimer 

1  h  (60  min)  post-infusion:  CBC,  INR,  aPTT,  Factor 
V 

4  h  (240  min)  post-infusion:  CBC,  INR,  aPTT, 

Factor  V 

8  h  (480  min)  post-infusion:  CBC,  INR,  aPTT, 

Factor  V 

aNot  approved  by  FDA 

bVial  sizes  are  1200,  2400,  and  4800  ug  (round  up  or  down 
to  nearest  vial  size  due  to  cost) 
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28-30  mmHg  can  enhance  intracranial  vascular 
tone  which  is  frequently  reduced  in  ALF  patients. 

First-line  therapy  for  an  episode  of  ICP  eleva¬ 
tion  that  persists  for  more  than  5-10  min  despite 
hyperventilation  is  typically  IV  mannitol. 
Mannitol  may  be  administered  as  an  initial  bolus 
of  0. 5-1.0  g/kg  over  5  min,  followed  by  addi¬ 
tional  doses  every  2-6  h  as  need  to  maintain  ICP 
within  goal  parameters  (20-25  mmHg).  Serum 
osmolarity  is  typically  monitored  every  2-6  h 
and  mannitol  held  if  serum  osmolarity 
>320  mOsm/1,  to  minimize  the  risk  of  dehydra¬ 
tion  and  acute  renal  failure.  However,  caution 
should  be  used  when  giving  mannitol  in  the  set¬ 
ting  of  AKI  due  to  potential  worsening  of  pulmo¬ 
nary  edema  and  volume  overload. 

Second-line  therapy  for  cerebral  edema  in 
ALF  patients  is  infusion  of  hypertonic  saline 
(3  %),  with  a  target  serum  sodium  level  of  145- 
155  meq/1.  Advantages  of  hypertonic  saline 
include  less  frequent  hypovolemia  compared  to 
mannitol  with  potentially  less  rebound  cerebral 
edema.  A  meta- analysis  in  traumatic  brain  injury 
suggests  greater  efficacy  with  hypertonic  saline 
compared  to  mannitol.  Hypertonic  saline  can  be 
administered  as  bolus  dosing,  typically  with 
23.4  %  NaCl,  in  the  setting  of  an  acute  decline  or 
a  maintenance  infusion  of  varying  concentrations 
to  achieve  a  serum  sodium  concentration  of  145 
to  155  meq/1.  Potential  concerns  with  hypertonic 
saline  include  hyperchloremic  non-anion  gap 
metabolic  acidosis  especially  with  renal  failure 
and  circulatory  volume  overload.  The  use  of 
hypertonic  saline  has  been  demonstrated  as  an 
effective  prophylactic  measure  in  patients  at  high 
risk  of  cerebral  edema  (ammonia  >150  mM, 
AKI,  grade  III/IV  encephalopathy,  and  vasopres¬ 
sor  requirement)  [5].  Both  prophylactic  and  ther¬ 
apeutic  hypertonic  saline  are  increasingly  used  in 
patients  with  a  traumatic  brain  injury  who  fre¬ 
quently  have  cerebral  edema  [16]. 

If  hyperventilation  and  osmotic  agents  fail  to 
improve  an  elevated  ICP,  pentobarbitol  can  be 
administered  as  a  100-150  mg  bolus  over  15  min 
followed  by  a  continuous  infusion  of  1-3  mg/ 
kg/h.  However,  barbiturate  infusions  are  typically 
associated  with  significant  side  effects  including 
hypotension,  ileus,  and  pneumonia.  Vasopressors 


may  be  needed  to  maintain  an  adequate  CPP.  In 
addition,  the  serum  half-life  of  barbituates  is  long 
and  the  clinical  neurological  exam,  including  that 
for  brain  death,  is  typically  obscured  for  several 
days.  Monitoring  serum  pentobarbital  levels 
every  12-24  h  to  maintain  a  therapeutic  (but  non¬ 
toxic)  level  of  20-35  mg/1  is  recommended  in 
ALF  patients  due  to  their  reduced  clearance  of 
this  hepatically  metabolized  drug. 

Any  identified  seizure  activity  in  ALF  patients 
should  be  swiftly  treated  as  seizures  can  lead  to 
worsening  cerebral  edema.  Subclinical  seizures 
can  be  confirmed  with  continuous  EEG  monitor¬ 
ing.  If  seizure  activity  is  present,  a  loading  dose 
of  phenytoin  (20  mg/kg  with  dose  adjusted  in  the 
setting  of  renal  failure)  should  be  administered 
followed  by  maintenance  dosing  based  on  blood 
levels.  In  ALF  patients  with  refractory  seizures, 
infusions  of  midazolam,  propofol  or  pentobarbi¬ 
tal  may  be  necessary  for  seizure  control.  Because 
ALF  patients  are  prone  to  hypoglycemia,  blood 
sugar  levels  should  be  monitored  every  2  h  with 
administration  of  D10  and  D50  drips  as  needed. 

Evidence  Contour 

Recombinant  Factor  Vila  to  Correct 
Coagulopathy 

Recombinant  Factor  Vila  (rFVIIa)  was  approved 
in  the  United  States  in  1999  as  an  antihemophilic 
agent  and  has  been  used  in  ALF  patients,  largely 
for  correction  of  coagulopathy  prior  to  invasive 
procedures.  Several  small  case  series  have  shown 
improved  coagulation  parameters  with  decreased 
PT/INR  and  improved  ability  to  place  ICP  moni¬ 
tors,  all  while  decreasing  the  requirement  for  FFP 
in  the  immediate  peri-procedural  setting  [17-19]. 
A  dose  of  80  ug/kg  given  as  an  IV  bolus  over 
3-5  min  provides  up  to  4  h  of  coagulation  correc¬ 
tion  for  placement  of  the  ICP  monitor,  when 
given  with  cryoprecipitate,  fresh  frozen  plasma, 
and  platelets  as  needed.  Frequent  lab  monitoring 
peri-procedure  is  indicated,  but  waiting  for  a 
repeat  INR  after  infusion  of  rFVIIa  is  not  recom¬ 
mended.  Both  bleeding  and  thrombotic  compli¬ 
cations  are  rare  in  published  case  series  [18,19]. 
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Serial  NH3  Levels  in  ALF  Patients 

Ammonia  plays  a  key  role  in  the  development  of 
encephalopathy  in  ALF  patients,  with  rapid  rises 
in  arterial  ammonia  concentrations  implicated  in 
cerebral  edema.  Although  an  ammonia  threshold 
level  has  not  been  identified,  higher  ammonia 
levels  in  general  have  been  associated  with  more 
severe  encephalopathy,  increased  intracranial 
hypertension  and  cerebral  herniation,  as  well  as 
increased  mortality  [20-22].  Though  the  use  of 
lactulose  is  not  recommended  due  to  a  concern 
for  intestinal  distension  and  ischemia,  research  is 
ongoing  into  the  use  of  other  ammonia-lowering 
agents  to  improve  outcomes.  At  present,  serial 
monitoring  of  arterial  ammonia  concentrations 
can  provide  additional  prognostic  information, 
particularly  as  a  patient’s  mental  status  worsens. 

Targeted  Temperature  Management 

Moderate  hypothermia  (core  temperature  of 
33-34  °C)  in  ALF  is  thought  to  improve  cerebral 
edema  by  reducing  cerebral  bloodflow  and  oxygen 
utilization  as  well  as  decreasing  conversion  of  glu¬ 
tamate  to  glutamine.  Therapeutic  hypothermia 
using  cooling  blankets  has  been  used  in  ALF 
patients  but  has  not  been  shown  to  improve  survival 
[23,24].  Experience  with  arctic  suits  and  intravascu¬ 
lar  cooling  devices  is  limited  in  ALF  patients,  and 
most  experts  recommend  use  of  a  cooling  blanket  in 
these  vasodilated  patients.  Known  risks  of  hypo¬ 
thermia  include  bradyarrhythmias,  coagulopathy, 
and  infections  which  may  be  particularly  problem¬ 
atic  in  patients  requiring  emergency  liver  transplan¬ 
tation.  Furthermore,  the  optimal  means  to  warm 
cooled  ALF  patients  are  not  established. 

Bioartificial  Hepatic  Support  Systems 

Extracorporeal  hepatic  support  systems  have 
been  studied  in  both  ALF  and  acute-on-chronic 
liver  failure.  Several  types  of  bioartificial  support 
have  been  introduced  including  albumin  dialysis, 
plasma  separation  and  adsorption,  and  therapeutic 
plasma  exchange.  The  Molecular  Adsorbent 


Recirculating  System  (MARS)  (Gambro,  Lund, 
Sweden)  is  an  albumin  dialysis  circuit  that  facili¬ 
tates  the  clearance  of  albumin-bound  toxins 
including  ammonia.  A  recent  prospective  ran¬ 
domized  controlled  trial  of  MARS  therapy  failed 
to  show  a  6-month  survival  benefit  in  ALF 
patients,  but  the  study  was  hampered  by  a  higher 
rate  of  early  transplantation  in  patients  receiving 
MARS  therapy  [25].  As  such,  bioartificial  sup¬ 
port  systems  are  not  recommended  but  may  be 
considered  under  extenuating  circumstances. 

Criteria  for  Liver  Transplantation 

Determining  if  and  when  a  liver  transplant  is 
needed  remains  one  of  the  most  important  deci¬ 
sions  in  the  care  of  an  ALF  patient.  Decisions 
regarding  transplantation  should  be  made  by  an 
experienced  multidisciplinary  transplant  team  on  a 
case  by  case  basis.  Therefore,  the  transplant  team 
should  be  consulted  early  in  the  patient’s  hospital 
course  as  evaluation  for  liver  transplant  requires  an 
extensive  biopsychosocial  evaluation  which  must 
be  undertaken  rapidly.  After  determining  the  etiol¬ 
ogy  of  ALF  (see  Table  64.2),  use  of  standard  prog¬ 
nostication  tools  (see  Table  64.3)  can  aid  in 
determining  which  patients  are  likely  to  recover 
without  a  transplant  and  which  are  not.  Factors 
that  favor  transplantation  include  persistent  liver 
failure  with  ongoing  poor  prognostic  factors 
(according  to  criteria  in  Table  64.3),  the  absence  of 
comorbid  conditions  such  as  cardiopulmonary  dis¬ 
ease,  malignancy,  and  a  favorable  psychosocial 
profile  with  anticipated  compliance  to  post-op 
immunosuppression  [26].  Patients  who  are  poor 
candidates  for  transplant  include  patients  who 
have  clear  evidence  of  cerebral  herniation  or  brain¬ 
stem  dysfunction  (such  as  fixed,  dilated  pupils  in 
the  absence  of  any  sedation),  those  with  invasive 
fungal  infections,  and  subjects  with  evidence  of 
progressive  multiorgan  failure  and  refractory 
hypotension  [26].  Of  note,  the  decision  to  trans¬ 
plant  or  not  is  a  dynamic  decision  which  can  rap¬ 
idly  change  based  upon  the  clinical  condition  of 
the  patient.  Therefore,  early  referral  and  transfer  to 
a  liver  transplant  center  should  be  undertaken  in 
ALF  patients  admitted  at  a  non-transplant  center. 
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Case  Presentation 

A  76  year  old  man  with  history  of  hypertension, 
chronic  kidney  disease,  osteoarthritis,  and  alco¬ 
hol  abuse  presented  to  the  emergency  department 
with  a  1  day  history  of  bleeding  per  rectum.  In 
the  early  morning  prior  to  admission,  he  reported 
intermittent  painless  bright  red  rectal  bleeding. 
By  the  afternoon,  he  had  experienced  several 
large  bowel  movements  consisting  primarily  of 
bright  red  blood  and  a  few  clots.  He  subsequently 
began  feeling  weak  and  lightheaded  with  ambu¬ 
lation.  He  denied  any  abdominal  pain,  nausea,  or 
emesis.  On  initial  assessment,  he  was  afebrile, 
tachycardic  with  heart  rate  of  109  beats/min,  and 
borderline  hypotensive  with  blood  pressure  of 
93/59  mmHg.  Focused  examination  revealed  a 
benign  abdomen  and  fresh  bright  blood  on  digital 
rectal  examination.  Repeat  vital  signs  while 
standing  was  notable  for  heart  rate  of  121  beats 
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per  minute  and  blood  pressure  81/57  mmHg. 
Laboratory  assessment  was  notable  for  hemoglo¬ 
bin  8.1  g/dL,  stable  mild  renal  dysfunction,  and 
no  coagulopathy. 

Question  While  aggressive  resuscitation  is  initi¬ 
ated,  what  should  be  the  first  diagnostic 
consideration? 

Answer  Accurate  discrimination  between  upper 
and  lower  gastrointestinal  source  of  hemorrhage. 

Patients  presenting  with  acute  lower  gastroin¬ 
testinal  bleeding  (i.e.,  hemodynamically  signifi¬ 
cant  hematochezia)  should  undergo  immediate 
focused  history  and  physical,  urgent  laboratory 
evaluation,  and  initiation  of  aggressive  volume 
resuscitation  with  fluids  and  blood  product  trans¬ 
fusions  (if  needed)  without  delay.  The  clinician 
needs  to  accurately  discriminate  between  upper 
and  lower  gastrointestinal  source  of  bleeding,  as 
prognostic,  diagnostic,  and  urgent  management 
considerations  may  differ  greatly.  After  place¬ 
ment  of  two  large-bore  peripheral  intravenous 
catheters,  he  was  aggressively  resuscitated  with 
crystalloid  fluids  in  the  emergency  department. 
Due  to  evidence  of  ongoing  bleeding  and  down¬ 
trending  hemoglobin  levels,  the  patient  was 
transfused  two  units  of  packed  red  blood  cells 
(PRBCs).  A  nasogastric  tube  (NGT)  was  placed 
and  gastric  lavage  revealed  bilious  return  without 
evidence  of  blood.  Urgent  gastroenterology  con¬ 
sultation  was  requested  and  purge  bowel 
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preparation  was  initiated  via  NGT.  He  was  then 
transferred  to  the  intensive  care  unit  (ICU).  Once 
hemodynamically  stabilized  and  bowel  prepara¬ 
tion  was  deemed  acceptable,  urgent  colonoscopy 
was  performed  but  a  bleeding  source  could  not  be 
identified  due  to  overt  hemorrhage  that  signifi¬ 
cantly  limited  endoscopic  visualization. 
Emergency  interventional  radiology  consultation 
was  requested.  In  light  of  his  increased  risk  for 
further  decompensation,  members  of  the  ICU 
team  accompanied  him  to  the  radiology  suite.  He 
successfully  underwent  mesenteric  angiography 
by  interventional  radiology  that  successfully 
identified  an  active  bleeding  source  in  the  proxi¬ 
mal  portion  of  the  descending  colon. 
Superselective  coil  embolization  of  the  arterial 
supply  to  the  bleeding  lesion  achieved  hemosta¬ 
sis  (see  Fig.  65.1).  The  patient  subsequently  sta¬ 
bilized  with  normalization  of  his  vital  signs  and 
absence  of  any  further  blood  loss.  He  was  moni¬ 
tored  in  the  ICU  overnight,  remained  stable,  and 
subsequently  downgraded  to  the  general  medi¬ 
cine  service  the  next  morning. 

Principles  of  Management 
Definitions 

Acute  lower  gastrointestinal  bleeding  (LGIB) 
historically  refers  to  gastrointestinal  bleeding  of 
recent  onset  (less  than  3  days)  from  a  location 
distal  to  the  ligament  of  Treitz,  located  at  the 


third  portion  of  the  duodenum,  resulting  in  hemo¬ 
dynamic  instability,  anemia,  and/or  the  need  for 
blood  transfusions  [1].  This  clinical  presentation 
of  hemodynamically  unstable  hematochezia  (i.e., 
passage  of  fresh  blood  mixed  with  stool)  differs 
from  the  majority  of  lower  gastrointestinal  bleed¬ 
ing  episodes  that  tend  to  be  self-limited  bleeding 
and  usually  follows  an  uncomplicated  clinical 
course  [1-3].  A  patient  with  acute  LGIB  may 
have  similar  clinical  features  to  a  patient  with  a 
brisk  upper  gastrointestinal  bleed  (UGIB);  there¬ 
fore,  such  a  patient  must  be  urgently  evaluated 
for  this  possibility.  Given  that  nearly  all  of  LGIB 
are  related  to  diverticular  disease,  ischemic  coli¬ 
tis,  vascular  angiodysplasias,  hemorrhoids,  and 
colorectal  cancer,  it  is  not  surprising  that  most 
patients  are  older  (mean  age  at  presentation 
ranges  from  63  to  77  years)  and  have  multiple 
other  comorbidities,  such  as  underlying  cardio¬ 
vascular,  liver,  and/or  renal  disease  (Table  65.1). 

Initial  Evaluation 

A  focused  history  and  physical  examination  is 
essential  in  the  initial  evaluation  of  a  patient  with 
acute  LGIB.  Key  elements  of  the  history  include 
characteristics  and  duration  of  current  bleeding 
(e.g.,  stool  color,  frequency),  any  associated 
symptoms  (e.g.,  abdominal  pain,  recent  change 
in  bowel  habits,  fever,  urgency  /tenesmus,  weight 
loss),  history  of  similar  prior  bleeding  episodes, 
relevant  past  medical  history  (e.g.,  recent 


Fig.  65.1  Mesenteric  angiography  with  coil  embolization.  Angiography  of  the  colic  branches  with  positive  blush  sign 
(Panel  A  and  B )  and  following  coil  embolization  (Panel  C) 
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Table  65.1  Differential  diagnosis  for  lower  gastrointestinal  bleeding 


Etiology 

Frequency  (%) 

Comments 

Diverticulosis 

20-65 

Presents  with  painless  hematochezia; 
usually  resolves  spontaneously  in  75-80% 
of  patients 

Angioectasia  (also  known  as 
angiodysplasias  or  vascular  ectasias) 

3-15 

More  than  two-thirds  seen  in  patients  aged 
>70  years;  risk  factors  include  advanced 
age,  comorbidities,  presence  of  multiple 
angioectasias,  and  use  of  anticoagulants  or 
antiplatelet  drugs 

Ischemic  colitis 

1-19 

Presents  with  sudden  onset  of  abdominal 
cramping,  followed  by  hematochezia; 
“watershed”  areas  of  colon:  splenic 
flexure  and  rectosigmoid  junction 
typically  affected 

Hemorrhoids 

2-64 

May  be  incidental  finding  in  up  to  75  %  of 
LGIB;  typically  present  with  painless, 
intermittent,  scant  hematochezia 

Colorectal  cancer 

17 

Typically  present  with  bowel  habit 
changes  and  unintentional  weight  loss; 
right- sided  colonic  tumors  more 
commonly  cause  occult  bleeding  and 
left- sided  tumors  often  cause 
hematochezia 

Post-polypectomy  bleeding 

2-8 

Complication  of  colonoscopy 

Inflammatory  bowel  disease 

N/A 

Uncommonly  present  with  LGIB 
requiring  hospitalization 

Adapted  from  ASGE  Guidelines  2014  [2]  with  permission  from  Elsevier  Limited 
NSAID  nonsteroidal  anti-inflammatory  drug,  N/A  not  available 


endoscopy  with  polypectomy,  trauma,  previous 
abdominal  surgeries,  history  of  peptic  ulcer  dis¬ 
ease  or  inflammatory  bowel  disease,  etc.),  and 
current  medications  (e.g.,  nonsteroidal  anti¬ 
inflammatory  drugs  (NSAIDs),  aspirin,  antico¬ 
agulants,  etc.)  [1,  3,  4].  Initial  and  serial 
measurements  of  the  patient’s  vital  signs  are 
essential.  Resting  supine  tachycardia,  tachypnea, 
and  hypotension  are  nonspecific,  but  sensitive, 
signs  of  a  critically  ill  patient.  Postural  changes 
in  blood  pressure  (decrease  by  >10  mmHg)  and / 
or  heart  rate  (increase  by  10  beats/min)  from 
supine  to  standing  position  (i.e.,  orthostasic 
hypotension)  correlates  with  an  acute  blood  loss 
of  more  than  800  mL  (or  about  15  %  of  total  cir¬ 
culatory  blood  volume).  Marked  tachycardia, 
tachypnea,  hypotension,  and  depressed  mental 
status  correlates  with  an  acute  blood  loss  of  more 
than  1500  mL  (or  about  30%  of  total  circulatory 
blood  volume)  [5].  In  addition  to  focused  neuro¬ 
logic,  cardiac,  pulmonary,  and  abdominal  exami¬ 


nations,  a  digital  rectal  examination  should  be 
performed.  Initial  laboratory  assessment  should 
include  a  complete  blood  cell  count,  serum  elec¬ 
trolytes,  renal  indices,  liver  function  tests,  coagu¬ 
lation  profile,  type  and  crossmatch.  Additional 
studies  such  as  a  chest  x-ray  and/or  electrocar¬ 
diogram  should  be  individualized  to  those 
patients  also  presenting  with  cardiopulmonary 
symptoms  or  risk  factors  for  development  of 
complications. 

Initial  Resuscitation 
and  Management 

Hemodynamic  monitoring  of  vital  signs,  rapid 
establishment  of  intravenous  access,  and  initia¬ 
tion  of  volume  resuscitation  should  take  place 
without  delay  in  the  emergency  department. 
Hemodynamic  monitoring  should  include  con¬ 
tinuous  assessment  of  heart  rate,  blood  pressure, 
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respiratory  rate,  and  oxygen  saturation  by  pulse 
oximetry.  At  least  two  large-bore  diameter  (18 
gauge  or  greater)  peripheral  intravenous  (PIV) 
catheters  (18G  or  greater)  should  be  promptly 
placed.  Advantages  of  PIVs  over  central  venous 
catheters  (CVC)  are  multiple  in  this  setting:  (1) 
quickly  establish  intravenous  access,  (2)  ease  of 
placement  by  nursing  staff,  (3)  less  invasive  than 
CVCs  with  reduced  chance  for  potentially  sig¬ 
nificant  complications,  especially  in  those  who 
are  hemodynamically  unstable  and/or  coagulo- 
pathic,  and  (4)  allowance  for  more  rapid  volume 
resuscitation  compared  to  CVCs  due  to  the 
shorter  length  and  larger  diameter.  These  advan¬ 
tages  of  PIVs  must  be  weighed  against  their  dis¬ 
advantages  that  include  less  secure  intravenous 
access,  susceptibility  to  dislodgement,  and  inabil¬ 
ity  to  administer  multiple  medications  safely, 
such  as  vasopressors.  Crystalloid  formulations, 
such  as  0.9  %  saline  or  lactated  Ringer’s  solution, 
are  the  fluids  of  choice  for  initial  resuscitation. 
Decisions  regarding  transfusion  of  red  blood 
cells  and  other  blood  products,  such  as  fresh  fro¬ 
zen  plasma  and/or  platelets,  should  be  individual¬ 
ized,  carefully  weighing  potential  benefits  in  the 
setting  of  active  symptomatic  bleeding  with  the 
potential  risks  of  volume  overload  or  transfusion 
reactions. 

Appropriate  Patient  Disposition 

Following  initial  resuscitative  measures  in  the 
emergency  department,  reassessment  of  the 
patient  with  acute  LGIB  must  be  performed  to 
determine  clinical  stability  for  specific  diagnostic 
and/or  therapeutic  interventions.  If  there  remains 
persistent  hemodynamic  instability,  further  resus¬ 
citation  is  necessary  with  crystalloids  and/or 
blood  products  (as  needed)  and  central  venous 
access  should  be  established  for  invasive  moni¬ 
toring  and  possible  use  of  vasopressors.  At  this 
time,  the  patient  should  be  transferred  to  the  ICU 
for  close  hemodynamic  and  cardiopulmonary 
monitoring.  Although  there  have  been  multiple 
risk  prediction  scores  and  models  reported  for 
acute  LGIB,  none  have  been  adopted  in  everyday 
clinical  practice  yet  (see  below).  In  general, 


patients  with  clinical  evidence  of  ongoing  or 
severe  bleeding,  those  with  a  transfusion  require¬ 
ment  of  greater  than  two  units  of  PRBCs,  and 
those  with  significant  comorbidities  may  require 
admission  and  monitoring  in  an  ICU  [6,  7]. 

Nasogastric  Tube  Lavage 

Expert  guidelines  generally  favor  an  algorithmic 
approach  for  determining  the  etiology  of  acute 
LGIB  (Fig.  65.2)  [1,  2].  This  most  commonly 
occurs  as  the  result  a  colonic  bleeding  source; 
however,  hematochezia  in  the  setting  of  hemody¬ 
namic  compromise  should  raise  the  clinical  suspi¬ 
cion  for  a  brisk  UGIB  [4,  8].  Therefore,  patients 
presenting  with  acute  LGIB  should  be  evaluated 
with  a  NGT  lavage.  If  gastric  lavage  aspirate  is 
positive  for  blood,  or  is  clear  without  either  blood 
or  bile,  an  upper  GI  source  of  bleeding  has  not  yet 
been  ruled  out  [9]  and  urgent  gastroenterology 
consultation  should  be  requested  for  esophagogas- 
troduodenoscopy  (EGD).  Aspiration  of  bilious 
fluid  in  the  absence  of  blood  on  NGT  lavage  makes 
UGIB  unlikely.  A  lower  gastrointestinal  source  of 
bleeding  should  be  suspected  and  appropriate 
diagnostic  testing  for  LGIB  should  now  ensue. 

Urgent  Colonoscopy 

Patients  with  acute  LGIB  who  have  been  suc¬ 
cessfully  resuscitated  and  are  clinically  stable 
without  evidence  of  ongoing  hemorrhage  are 
candidates  for  urgent  colonoscopy.  This  single 
procedure  may  be  both  diagnostic  and  therapeu¬ 
tic.  According  to  the  most  recent  American 
Society  of  Gastrointestinal  Endoscopy  (ASGE) 
guidelines  published  in  2014,  urgent  colonos¬ 
copy  is  recommended  within  24  h  of  admission 
after  a  rapid  bowel  preparation  in  the  evaluation 
of  patients  with  severe  hematochezia  (per  ASGE 
guidelines,  this  recommendation  is  supported  by 
moderate  quality  of  evidence)  [2].  The  overall 
diagnostic  yield  of  colonoscopy  in  the  evaluation 
of  acute  LGIB  ranges  from  45  to  100%,  accord¬ 
ing  to  multiple  studies  [10-12].  The  most 
common  site  of  bleeding  in  the  largest  series  by 
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Fig.  65.2  Algorithm  for  management  of  LGIB  (From  ASGE  Guidelines  [2]  with  permission  from  Elsevier  Limited) 


Rossini  et  al.  was  the  left  colon  caused  most 
often  by  ulcerated  carcinomas  and  diverticular 
disease  [10,  13].  Colon  preparation  with  poly¬ 
ethylene  glycol-based  solutions  administered 
enterally  (either  by  mouth  or  via  NGT)  is  impor¬ 
tant  before  colonoscopy  to  improve  visualiza¬ 
tion,  increase  the  diagnostic  yield,  and  reduce 
the  risk  of  perforation  [14].  Importantly,  there  is 
no  evidence  of  a  deleterious  effect  on  the  rate  of 
hemorrhage  with  bowel  preparation.  Several 
modalities  are  available  for  endoscopic  treat¬ 
ment  of  LGIB.  Endoscopic  treatment  with  epi¬ 
nephrine  solution  injection  combined  with 
thermal  coagulation  or  endoscopic  clip  place¬ 
ment  as  the  preferred  management  in  patients 
presenting  with  diverticular  bleeding  (high  qual¬ 
ity  of  evidence  according  to  ASGE  guidelines) 
[2].  Endoscopic  treatment  with  argon  plasma 
coagulation  as  preferred  management  in  patients 
with  bleeding  angioectasis  (high  quality  of  evi¬ 
dence  according  to  ASGE  guidelines)  [2]. 


Mesenteric  Angiography 

For  patients  with  severe  acute  LGIB  with  mas¬ 
sive  ongoing  bleeding,  hemodynamically  unsta¬ 
ble  for  colonoscopy,  unable  to  be  prepped,  and/or 
for  those  who  have  failed  endoscopic  manage¬ 
ment,  emergency  consultation  with  interven¬ 
tional  radiology  for  mesenteric  angiography  is 
essential.  Mesenteric  angiography  can  detect 
bleeding  rate  at  0.5  mL/min  [15].  Superselective 
embolization  with  microcoils,  polyvinyl  alcohol 
particles,  or  water-insoluble  gelatin  (gel  foam) 
has  improved  the  success  rate  of  this  technique 
and  decreased  occurrence  of  adverse  event  of 
bowel  infarction.  A  meta-analysis  of  angiography 
and  embolization  as  first-line  therapy  for  acute 
LGIB  found  embolization  to  be  an  effective  treat¬ 
ment  for  diverticular  bleeding,  with  successful 
hemostasis  in  85%  of  patients  as  compared  to 
50  %  of  those  with  bleeding  from  other  sources  at 
30-day  follow-up  [16].  In  contrast,  rebleeding 


566 


A.  Abedi  and  A.M.  Nambiar 


after  embolization  for  non-diverticular  bleeding, 
such  as  angioectasias,  may  occur  in  greater  than 
40  %  of  patients  [6] . 

Surgery 

Surgical  bowel  resection  is  now  rarely  required 
and  should  only  be  reserved  for  a  minority  of 
patients  who  have  persistent  or  refractory  diver¬ 
ticular  bleeding.  In  addition,  those  patients  that 
are  deemed  surgical  candidates  with  ongoing 
hemodynamic  instability  despite  aggressive 
resuscitation,  transfusion  requirement  of  greater 
than  six  units  of  PRBCs,  and  lack  of  a  diagnosis 
despite  a  pan-intestinal  evaluation  should  also  be 
considered  for  surgery  [17].  High  mortality  rates 
have  been  reported  with  emergent  surgical  inter¬ 
vention  [18]. 


Evidence  Contour 

Predicting  Severity  and  Outcomes 
of  LGIB 

A  number  of  different  risk  factors,  clinical  pre¬ 
diction  scores  and  rules,  and  models  have  been 
developed  and  some  have  been  validated  [6,  7, 
19-24].  These  tools  may  be  helpful  in  guiding 
decision-making  for  patients  with  acute  LGIB 
regarding  inpatient  management,  appropriate 
level  of  care,  and  necessity  of  urgent  interven¬ 
tions.  However,  their  usefulness  and  validity  in 
everyday  clinical  practice  has  not  been  firmly 
established  and,  as  a  result,  they  have  not  yet 
been  widely  adopted. 

Blood  Transfusion  Goals 

A  recently  published  randomized  controlled  trial 
in  patients  with  severe  acute  UGIB  assessed  the 
safety  and  efficacy  of  two  blood  transfusion  strat¬ 
egies:  a  restrictive  one  (transfusion  when  the 
hemoglobin  level  fell  below  7  g/dL)  versus  a  lib¬ 
eral  one  (transfusion  when  the  hemoglobin  level 
fell  below  <9  g/dL).  They  found  improved  sur¬ 


vival  and  less  bleeding  in  the  restrictive-strategy 
group  [25].  In  the  absence  of  available  published 
data  comparing  a  restrictive  versus  liberal  blood 
transfusion  strategy  specifically  for  acute  LGIB, 
decisions  regarding  transfusion  of  red  blood  cells 
and  other  blood  products,  such  as  fresh  frozen 
plasma  and/or  platelets,  should  be  individualized, 
carefully  weighing  potential  benefits  in  the  set¬ 
ting  of  active  symptomatic  bleeding  with  the 
potential  risks  of  volume  overload  or  transfusion 
reactions.  It  is  important  to  recognize  that  patients 
with  acute  LGIB  are  older  and  have  more  comor¬ 
bidities,  such  as  cardiovascular  disease  and  at 
increased  risk  for  myocardial  infarction  [26] . 

Massive  Transfusions 

Uncontrolled  hemorrhage,  as  may  be  seen  in 
acute  LGIB  but  more  commonly  in  traumas,  may 
necessitate  massive  blood  transfusions,  typically 
defined  as  ten  units  of  red  cells  over  24  h  or  rapid 
infusion  or  five  units  red  cells  over  3  h  [27]. 
Rapid  transfusion  of  these  large  volumes  can 
present  additional  management  issues,  such  as 
hemostatic  and  metabolic  abnormalities. 
Coagulopathy  with  thrombocytopenia  or  platelet 
dysfunction  can  result  from  a  combination  of  fac¬ 
tors  related  to  massive  transfusion.  These  include 
ongoing  consumption  due  to  active  hemorrhage, 
as  well  as  hypothermia  and  dilution  of  plasma 
components  resulting  from  large  volumes  of 
infused  crystalloids  and  packed  red  cells.  Current 
data  largely  compiled  from  experience  in  the 
trauma  setting  suggests  basing  decisions  on 
replacement  of  plasma  coagulation  components 
and  platelets  on  measurement  of  hemostatic 
parameters  rather  than  predetermined  formulas, 
such  as  a  1:1:1  ratio  of  packed  RBC,  fresh  frozen 
plasma  and  platelets  [28,  29].  For  this  purpose, 
coagulation  parameters  (PT,  aPTT),  fibrinogen 
level,  and  platelet  counts  should  be  monitored 
after  every  five  to  ten  units  of  red  cells  transfused. 
PT  and  aPTT  values  greater  than  1.5  times  the 
upper  limit  of  normal  should  prompt  transfusion 
of  two  to  four  units  of  FFP.  Cryoprecipitate  trans¬ 
fusion  should  be  considered  to  maintain  fibrino¬ 
gen  level  greater  than  100  mg/dL,  and  transfusion 
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of  platelets  is  generally  recommended  for  values 
below  50,000/microL  [29].  Common  metabolic 
abnormalities  related  to  massive  transfusion 
include  hyperkalemia  due  to  presence  of  extra¬ 
cellular  potassium  in  packed  red  blood  cell  super¬ 
natant,  hypocalcemia  due  to  binding  of  free 
ionized  calcium  by  citric  acid  resent  in  red  cell 
collection  bag  anticoagulants,  and  metabolic 
alkalosis  resulting  from  the  metabolism  of  citrate 
to  bicarbonate.  Therefore,  monitoring  of  acid- 
base  status,  ionized  calcium  levels,  and  serum 
potassium  should  be  conducted  frequently  in 
patients  receiving  massive  volume  of  red  cell 
transfusions.  Finally,  for  transfusions  of  more 
than  three  to  five  units  of  red  blood  cells,  a  com¬ 
mercial  blood  warmer  should  be  used  to  prevent 
or  minimize  the  incidence  of  clinically  signifi¬ 
cant  hypothermia  [27,  28]. 

Diagnostic  Imaging  Modalities 

There  exists  uncertainty  regarding  the  use  of 
diagnostic  imaging  modalities  for  patients  with 
acute  LGIB.  Nuclear  red  blood  cell  scanning  is 
the  most  sensitive  diagnostic  test  for  active 
bleeding  with  the  ability  to  detect  bleeding  rates 
as  low  as  0.1  to  0.5  mL/min  [30-32].  The  use  of 
nuclear  red  blood  cell  scanning  is  indicated 
when  a  bleeding  source  cannot  be  identified  by 
colonoscopy  and  providing  guidance  for  more 
directed  application  of  arteriography  or  surgical 
exploration  for  massive  LGIB.  Disadvantages 
included  lack  of  specificity  to  localize  a  source 
beyond  a  general  area  of  the  stomach  and  the 
relatively  timely  process  of  pre-imaging  prepa¬ 
ration  [31,  32].  Recent  advances  in  multidetector 
computed  tomography  (CT)  techniques  have 
significantly  increased  the  sensitivity  of  CT 
angiography  for  the  detection  of  active  hemor¬ 
rhage  with  sensitivity  and  specificity  of  85  %  and 
92%,  respectively  [33].  CT  angiography  is 
highly  available,  provides  rapid  detection  and 
localization  of  a  bleeding  site,  and  is  minimally 
invasive.  Further  research  is  needed  to  determine 
exactly  where  nuclear  red  blood  cell  scanning 
and  CT  angiography  will  be  positioned  in  the 
diagnostic  algorithm  of  acute  LGIB. 


Provocation  Testing 

Provocative  challenges  using  anticoagulants  or 
thrombolytics  have  been  shown  to  improve 
rates  of  detection  and  subsequent  angiographic 
management  of  previously  unidentified  bleed¬ 
ing  sources  [34].  However,  given  the  life- 
threatening  nature  of  acute  LGIB,  the  risk 
versus  benefit  of  provocative  challenges  with 
mesenteric  angiography  should  be  carefully 
assessed  on  a  case-by-case  basis.  Further  study 
is  needed  for  fully  evaluate  the  efficacy  and 
safety  of  this  approach. 
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Case  Presentation 

A  75  year  old  Caucasian  male  presented  to  the 
hospital  with  1  week  history  of  watery  diarrhea, 
five  to  six  episodes  daily,  accompanied  by  pro¬ 
gressive  weakness.  Three  weeks  prior  to  onset  of 
symptoms,  he  was  admitted  for  acute  exacerbation 
of  chronic  obstructive  pulmonary  disease  and  was 
treated  with  a  5 -day  course  of  moxifloxacin  and 
systemic  steroids.  On  presentation  he  had  no  leu¬ 
kocytosis  (7.0)  but  had  acute  kidney  injury  with  a 
creatinine  of  3.6  compared  to  his  baseline  of  1.0. 

Question  What  is  the  patient’s  most  likely 
diagnosis? 

Answer  Clostridium  difficile  diarrhea. 

PCR  testing  for  toxigenic  Clostridium  difficile 
returned  positive,  and  he  was  started  on  vanco¬ 
mycin  125  mg  PO  q6h.  He  had  borderline 
hypotension  initially,  with  some  improvement 
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with  fluid  resuscitation.  Over  the  first  several 
days  of  admission  he  had  persistent  watery  stools, 
about  six  episodes  daily  associated  with  abdomi¬ 
nal  distension.  Infectious  Diseases  was  consulted 
given  lack  of  improvement  and  development  of 
leukocytosis  (13.5),  and  vancomycin  was 
increased  to  500  mg  PO  q6h  with  addition  of 
metronidazole  500  mg  IV  q8h.  Despite  this  esca¬ 
lation  of  antibiotic  therapy,  he  developed  worsen¬ 
ing  abdominal  distension  and  hypotension 
requiring  vasopressor  support.  CT  abdomen/pel¬ 
vis  was  performed,  demonstrating  diffuse  colonic 
dilatation  with  multiple  air-fluid  levels,  consis¬ 
tent  with  toxic  megacolon  (Figs.  66.1,  66.2,  and 
66.3).  He  underwent  total  colectomy  with  end 
ileostomy  and  subsequently  stabilized. 

Principles  of  Management 

Symptoms  of  C.  Difficile  Infection 

Patients  may  present  with  a  wide  range  of  clinical 
manifestations,  varying  from  asymptomatic  car¬ 
riage  to  shock  and  colon  perforation. 
Asymptomatic  carriage  is  more  frequent  than 
previously  thought,  ranging  geographically  from 
4.4  to  23.2%  of  patients  admitted  from  the  com¬ 
munity  [1].  Watery  diarrhea,  with  or  without  the 
presence  of  mucus,  is  the  classic  presenting 
symptom,  but  patients  may  eventually  progress  to 
colitis,  megacolon,  and  shock.  Significant  neu¬ 
trophilic  leukocytosis  and  acute  kidney  injury  are 
commonly  found  with  severe  disease. 
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Fig.  66.1  Plain  abdominal  film 


Fig.  66.2  Coronal  view  CT  abdomen 

Extracolonic  manifestations,  including  bactere¬ 
mia  and  ileitis,  are  rare,  but  when  present  are 
associated  with  a  25  %  mortality  rate  [2] . 

Diagnosis 

Diagnosis  can  be  made  by  several  methods, 
including  toxin  enzyme  immunoassays,  toxin 


Fig.  66.3  Axial  view  CT  abdomen 


gene  nucleic  acid  amplification  tests,  direct 
culture,  and  detection  of  glutamate  dehydroge¬ 
nase.  Toxigenic  assay  method  is  preferred,  as 
some  patients  may  be  asymptomatic  carriers  [3]. 
Direct  visualization  of  pseudomembranes  can  be 
performed,  however  the  specificity  is  low  for  C. 
difficile  and  operator-dependent,  and  the 
procedure  carries  an  increased  risk  of  perfora¬ 
tion  [4]. 

Risk  Factors 

The  predominant  risk  factor  for  acquisition  of  C. 
difficile  infection  is  antibiotic  use,  particularly 
clindamycin,  cephalosporins,  and  fluoroquino¬ 
lones.  Other  risk  factors  include  inflammatory 
bowel  disease,  immunodeficiency,  malnutrition, 
solid  organ  transplantation,  and  hematopoietic 
stem  cell  transplantation.  Use  of  proton  pump 
inhibitors  has  conflicting  evidence  as  a  risk  factor 
for  C.  difficile  infection  [5]. 

Severity  of  Disease 

The  Infectious  Diseases  Society  of  America 
(IDSA)  and  the  Society  for  Healthcare 
Epidemiology  of  America  (SHEA)  have 
described  criteria  for  defining  severity  of  disease, 
based  on  presence  of  leukocytosis,  AKI,  and 
shock  (Table  66.1)  in  2010.  Medical  therapies  are 
aimed  at  treating  C.  difficile  colitis  based  upon 
the  severity  of  disease  [6] . 
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Table  66.1  IDSA/SHEA  2010  C.  difficile  treatment  recommendations 


Clinical  definition 

Supportive  clinical  data 

Recommended  treatment 

Strength  of 
recommendation 

Initial  episode, 
mild  or  moderate 

WBC  <15,000  and  serum 
creatinine  <1.5x  baseline 

Metronidazole  500  mg  PO  TID  for  10-14  days 

A-I 

Initial  episode, 
severe3 

WBC  >15,000  or  serum 
creatinine  >1.5x  baseline 

Vancomycin  125  mg  PO  QID  for  10-14  days 

B-I 

Initial  episode, 

severe, 

complicated 

Hypotension  or  shock, 
ileus,  megacolon 

Vancomycin  500  mg  PO  QID  plus 
metronidazole  500  mg  IV  q8h.  Consider  PR 
vancomycin  if  ileus  present 

C-III 

First  recurrence 

Same  as  for  initial  episode 

A-II 

Second 

recurrence 

Vancomycin  in  a  tapered  and/or  pulsed 
regimen 

B-III 

aThe  criteria  proposed  for  defining  severe  or  complicated  CDI  are  based  on  expert  opinion.  These  may  need  to  be 
reviewed  in  the  future  upon  publication  of  prospectively  validated  severity  scores  for  patients  with  CDI 
From  Cohen  et  al.  [6].  ©  Cambridge  University  Press 


Medical  Therapies 

Clostridium  difficile  infection  can  induce  hypo¬ 
volemia,  shock,  and  multiple  electrolyte  abnor¬ 
malities;  hence,  a  cornerstone  of  appropriate 
treatment  is  supportive  critical  care.  Several  anti¬ 
microbials  are  currently  available  to  treat  C.  dif¬ 
ficile  infection.  Metronidazole,  a  commonly  used 
initial  therapy  for  non-severe  Clostridium  diffi¬ 
cile  infection  despite  lack  of  FDA  approval,  is  a 
nitroimidazole  antibiotic  which  functions  by 
interrupting  the  helical  form  of  DNA.  Vancomycin 
inhibits  cell  wall  synthesis  of  C.  difficile.  It  must 
be  administered  via  an  enteral  route  and  it  is  the 
drug  of  choice  for  severe  disease,  and  prolonged 
treatment  regimens  have  been  devised  to  success¬ 
fully  treat  repeatedly  recurrent  disease.  A  stag¬ 
gered  taper  and  withdrawal  method  of 
vancomycin  administration  with  a  probiotic  has 
been  described  to  be  as  effective  as  fecal  micro¬ 
biota  transplant  [7]. 

Fidaxomicin  is  a  macrocyclic  antibiotic  that 
inhibits  RNA  polymerase  in  Gram-positive  bac¬ 
teria.  It  was  approved  by  the  FDA  in  April  2011 
for  treatment  of  C.  difficile  infection  after  being 
found  to  be  non-inferior  to  treatment  with  vanco¬ 
mycin.  As  of  now,  a  major  limiting  factor  to 
fidaxomicin’ s  use  is  cost  of  therapy,  though  there 
is  data  that  suggests  it  may  reduce  recurrence 
rates  in  select  populations,  which  may  offset  the 
increased  cost.  Rifaximin  is  a  less  commonly 
used  treatment  adjunct  that  inhibits  RNA  poly¬ 


merase,  thereby  interfering  with  transcription  of 
DNA.  Administration  had  previously  been  used 
anecdotally  after  a  course  of  standard  antibiotic 
therapy  as  a  “chaser”  with  seemingly  good 
results.  A  recent  randomized,  double-blinded 
study  demonstrated  that  administration  of  rifaxi¬ 
min  400  mg  PO  TID  for  20  days  after  completing 
standard  C.  difficile  therapy  resulted  in  fewer 
recurrences  of  infection  [8]. 

Guidelines  published  in  the  American  Journal 
of  Gastroenterology  provide  similar  recommen¬ 
dations  regarding  medical  therapies  guided  by 
severity  of  disease  [9]. 

Surgical  Intervention 

When  medical  therapies  fail  and  patients  develop 
worsening  sepsis  and  shock,  surgical  intervention 
is  warranted.  There  are  multiple  approaches  to 
this  including  partial  or  total  colectomy.  Recently, 
more  surgeons  have  been  using  the  approach  of 
creation  of  a  diverting  ileostomy  with  vancomy¬ 
cin  colonic  lavage.  Studies  have  demonstrated 
reduced  mortality  and  morbidity  compared  to  his¬ 
torical  controls  when  this  method  is  pursued  [10]. 

Epidemiology  and  Infection  Control 

Infections  due  to  C.  difficile  are  on  the  rise  and 
are  more  prevalent  than  previously  assumed.  In 


572 


P.C.  Johnson  et  al. 


201 1,  it  is  estimated  that  there  were  nearly  half  a 
million  infections,  associated  with  approximately 
29,000  deaths  [11].  Every  intensive  care  unit 
should  have  protocols  in  place  for  infection  pre¬ 
vention  and  control  measures  when  patients  are 
admitted  with  C.  difficile  infection.  Many  ICU- 
related  outbreaks  have  been  described,  resulting 
in  a  significant  impact  on  morbidity,  mortality, 
and  healthcare  costs  for  these  high-risk  patients. 
Typical  prevention  and  control  measures  include 
appropriate  hand  hygiene  with  soap  and  water, 
gowning  and  gloving,  private  rooms,  chlorine- 
based  disinfection,  and  aggressive  antimicrobial 
stewardship  [12].  Studies  have  revealed  health¬ 
care  workers’  colonization  rates  to  range  between 
0  and  13  %,  suggesting  this  may  have  less  impact 
than  indirect  transmission  between  hospitalized 
patients  via  the  environment  and  healthcare 
workers  hands  [13].  Hypervirulent  strains  of  C. 
difficile  have  emerged,  particularly  NAP1/ 
BI/027,  which  are  associated  with  lower  clinical 
cure  rates  than  other  C.  difficile  strains  [14]. 

Evidence  Contour 
Fecal  Microbiota  Transplant 

Fecal  transplantation,  or  the  introduction  of  fresh 
donor  feces  into  the  recipient’s  GI  tract,  has  been 
successful  in  treatment  of  refractory  recurrent  C. 
difficile  infection.  Transplantation  may  be  per¬ 
formed  via  nasogastric  tube  or  direct  inoculation 
during  colonoscopy,  with  studies  demonstrating 
approximately  90  %  sustained  cure  rate  in  patients 
with  disease  refractory  to  antibiotic  therapy  [15]. 
Duodenal  infusion  through  a  nasoduodenal  tube  has 
also  been  shown  to  be  effective  in  treatment  of  C. 
difficile  infection  [16].  However,  no  large  studies 
have  been  performed  to  provide  more  than  anec¬ 
dotal  evidence  for  this  intervention  in  this  setting. 

Capsulized  Frozen  Fecal  Microbiota 

Recent  studies  using  frozen  fecal  microbiota 
transplantation  through  a  frozen  encapsulated 
form  have  demonstrated  similar  efficacy  to 
traditional  allogenic  fecal  transplantation  [17]. 


Probiotics 

Studies  on  probiotics  for  C.  difficile  infection  do 
not  support  their  use  as  a  treatment  adjunct;  how¬ 
ever  there  is  evidence  suggesting  benefit  in  the 
prevention  of  C.  difficile  infection  for  patients 
who  are  on  antibiotic  therapy  and  are  at  risk  for 
disease. 


Monoclonal  Antibodies  and  Vaccines 

Monoclonal  antibodies  against  toxin  A  and  toxin 
B  have  been  developed,  with  promising  phase  II 
study  results.  These  are  currently  in  phase  III  of 
development.  Clostridium  difficile  vaccines  are 
also  in  development. 

Nontoxogenic  C.  Difficile  Spores 

Studies  are  in  process  regarding  purposeful  colo¬ 
nization  with  non-toxogenic  strains  of  C.  difficile 
as  a  competitive  inhibitor  of  toxigenic  C.  diffi¬ 
cile.  No  significant  adverse  events  have  been 
reported  with  their  use  and  this  intervention  may 
provide  clinical  benefit  [18]. 

Investigational  Antibiotics 

Several  new  antimicrobials  are  currently  in  the 
pipeline,  also  with  promising  data.  These  include 
cadazolid  (an  oxazolidinone),  LFF571  (a  semi¬ 
synthetic  thiopeptide),  and  SMT  19969.  A  bile 
salt  analogue  in  development,  referred  to  as 
CamSA,  has  been  found  to  prevent  germination 
of  C.  difficile  spores  [19]. 
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Case  Presentation 

A  53  year  old  female  presented  to  the  Emergency 
Center  complaining  of  increased  sputum  produc¬ 
tion  and  dyspnea.  She  was  recently  discharged 
from  the  hospital.  She  had  a  body  mass  index 
(BMI)  of  27,  with  serum  albumin  of  2.0  mg/ 
dL.  Her  blood  pressure  was  168/105  mmHg  and 
heart  rate  was  144  beats  per  minute.  Temperature 
was  38.6  °C.  EKG  showed  sinus  tachycardia. 
Respiratory  rate  was  28  breaths  per  minute  with 
Sp02  89%  on  100%  Fi02.  Arterial  blood  gas 
(ABG)  revealed  a  mixed  metabolic  and  respiratory 
acidosis,  and  she  had  a  leukocytosis  with  left  shift. 
Chest  radiograph  showed  patchy  bilateral  infil¬ 
trates  with  a  dense  consolidation  in  the  right  upper 
lobe.  She  was  intubated  and  started  on  IV  fluids 
and  empiric  antibiotics  for  hospital-acquired  pneu¬ 
monia.  She  was  admitted  to  the  ICU. 

Question  What  is  the  best  approach  to  nutrition 
in  this  intubated  patient? 

Answer  Start  enteric  feeding  as  soon  as  possi¬ 
ble.  No  indication  for  parenteral  nutrition. 
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Patients  can  benefit  from  early  enteric  feeding 
that  can  protect  the  digestive  tract,  have  systemic 
anti-inflammatory  effects  and  improve  mortality. 
This  patient  experienced  hypotension  after  initia¬ 
tion  of  mechanical  ventilation  despite  adequate 
fluid  resuscitation.  A  central  line  was  placed  and 
vasopressor  support  was  initiated  with  improve¬ 
ment  in  hemodynamics.  She  was  stabilized  and 
approximately  4  h  later  an  orogastric  tube  was 
placed.  Enteral  nutrition  was  initiated  with  a  lipid 
and  protein  rich  formula,  to  a  goal  of  50  mL/h. 
Increased  residuals  and  hypoactive  bowel  sounds 
were  noted,  and  subsequently  managed  with 
metoclopramide.  Despite  increased  gastric  resid¬ 
uals,  the  patient  was  advanced  to  full  feeds.  The 
patient  clinically  improved  over  the  next  3  days 
and  was  subsequently  extubated.  She  passed  a 
swallow  evaluation  and  an  oral  diet  was  initiated. 

Principles  of  Nutrition 

If  the  Gut  Works,  Use  It 

Enteral  Nutrition  (EN)  is  considered  by  all  medi¬ 
cal  societies  to  be  the  preferred  route  of  provid¬ 
ing  nutrition  to  critically  ill  patients,  including 
those  who  are  intubated,  and  should  be  ideally  be 
initiated  within  48  h  of  hospitalization  [1-7]. 
Enteric  feeding  has  been  associated  with  signifi¬ 
cant  reduction  in  28-day  mortality,  while  being 
more  accessible  and  less  expensive  than  paren¬ 
teral  nutrition  [3,  8,  9].  Early  enteric  feeding  with 
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a  lipid  and  protein-rich  formula  has  an  anabolic 
effect  essential  to  the  healing  process  in  critical 
illness  and  in  preservation  of  the  gut  mucosa, 
maintaining  gut  associated  lymphoid  tissue,  and 
promoting  protection  via  the  gut’s  natural  flora 
[10-12].  Parenteral  nutrition  (PN)  has  been  asso¬ 
ciated  with  a  higher  degree  of  infection,  espe¬ 
cially  nosocomial  infection,  and  mortality  than 
EN,  particularly  among  patients  with  higher 
severity  of  critical  illness  as  assessed  by  Acute 
Physiologic  Assessment  and  Chronic  Health 
Evaluation  (APACHE  II)  score.  The  Impact  of 
Early  Parenteral  Nutrition  Completing  Enteral 
Nutrition  in  Adult  Critically  Ill  Patients  trial 
(EPaNIC,)  a  2011  RCT  involving  4640  ICU 
patients  evaluated  early  vs.  late  initiation  of  PN 
[11].  It  demonstrated  reduced  rates  of  early  alive 
discharge  from  the  ICU  and  hospital  with  supple¬ 
mented  PN  than  with  EN  alone.  Additionally,  the 
earlier  PN  is  initiated,  the  worse  the  outcome  [3, 
6].  With  PN  the  patient  does  not  benefit  from 
stimulating  the  gut  and  endures  complications 
associated  with  infusing  a  high  glucose  concen¬ 
tration  and  fat  globules  directly  into  the  venous 
system  [13].  A  meta- analysis  of  PN  compared 
with  no  nutrition  found  an  almost  doubled  risk  of 
dying  in  the  PN  group  [14].  In  the  circumstance 
that  early  EN  is  impossible,  nutrition  should  be 
withheld  for  up  to  7  days,  unless  the  patient  has 
evidence  of  protein-calorie  malnutrition  [6] .  This 
has  become  a  Critical  Care  recommendation  of 
the  Choosing  Wisely  campaign.  If  the  decision  is 
made  to  provide  PN,  consider  discontinuation 
once  EN  becomes  feasible  or  when  markers  of 
nutritional  status  improve. 

Full  Feedings  are  Preferred; Trophic 
Feedings  May  Be  Acceptable 

The  Surviving  Sepsis  Campaign  [15]  advises 
that,  if  a  septic  patient  cannot  tolerate  full  caloric 
needs  through  EN,  trophic  feeds  are  acceptable 
for  up  to  6  days,  and  PN  should  not  be  initiated. 
This  assumes  the  patient  is  not  malnourished 
prior  to  ICU  admission.  Trophic  feeds  of  at  least 
25  %  of  daily  nutritional  needs  may  have  a  pro¬ 
tective  effect  on  the  bowel  [2,  10,  16-18].  The 


EDEN  trial,  a  multi-center  RCT  evaluating  1000 
patients  with  acute  lung  injury,  found  no  signifi¬ 
cant  difference  in  mortality  between  trophic  and 
full  feedings,  though  it  is  important  to  note  that 
all  patients  in  the  study  were  well-nourished, 
with  a  mean  BMI  of  30  [18].  Moderate  obesity  is 
shown  to  be  protective  during  critical  illness; 
however,  increased  protein  supplementation  does 
not  appear  to  limit  muscle  wasting  or  loss  of  lean 
body  mass  [19-21]. 

Immunologic  Benefits  of  Enteric 
Feedings 

Small  enteral  feeds  are  enough  to  cause  enzyme 
secretion  from  the  brush  border  and  preserve 
gut  epithelium  and  structure,  thus  preventing 
increased  permeability  [3].  Feeding  also  pre¬ 
serves  commensal  bacteria  which  further  con¬ 
tribute  to  gut  integrity  by  stimulating  mucous 
production,  while  allowing  competitive  inhibi¬ 
tion  of  pathogens  and  interfering  with  expres¬ 
sion  of  virulence  factors  on  pathogenic  bacteria 
[3].  Enteric  feeds  have  an  anti-inflammatory 
effect  on  the  gut  via  the  gut-brain  axis,  and  as 
such,  should  be  considered  a  therapeutic  modal¬ 
ity  amongst  conditions  of  gastrointestinal  (GI) 
inflammation  such  as  pancreatitis  or  colitis  [12]. 

Do  Not  Use  Increased  Gastric 
Residuals  or  Decreased  Bowel 
Sounds  as  Markers  upon  Which 
to  Hold  Feedings 

Despite  all  of  the  benefits  of  early  enteric  feed¬ 
ings,  this  goal  is  not  always  accomplished.  One 
major  barrier  to  appropriate  early  nutrition  is  the 
practice  of  holding  feedings  for  gastric  residuals 
or  decreased  bowel  sounds  [6].  Patients  in  the 
ICU  are  often  too  ill  to  have  swallowed  enough  air 
to  allow  for  bowel  sounds.  Multiple  studies  have 
shown  that  gastric  emptying  and  reflux  has  no 
correlation  with  incidence  of  ventilator-associated 
pneumonia  (VAP)  [22-24].  Aspiration  pneumo¬ 
nia  is  likely  more  resultant  of  oropharyngeal/ 
subglottic  secretions  with  pathogenic  microbes 
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than  reflux  of  gastric  contents  [23,  24].  If  gastric 
residuals  are  checked,  there  appears  to  be  no 
worsening  of  outcome  with  gastric  residuals  up  to 
500  mL  [24].  Absence  of  gastric  residual  monitor¬ 
ing  may  not  be  inferior  to  monitoring  residuals  in 
terms  of  the  likelihood  of  nosocomial  pneumonia 
[23].  Therefore,  in  the  absence  of  a  known  GI 
dysmotility,  orogastric  or  nasogastric  feeding 
should  be  initiated.  If  EN  is  poorly  tolerated  based 
on  residuals  or  coughing,  prokinetic  agents  such 
as  metoclopramide,  or  erythromycin,  can  be 
started  [25].  If  these  practices  are  still  unsuccess¬ 
ful,  post-pyloric  feeds  could  be  considered,  with 
the  understanding  that  the  patient-important  out¬ 
comes,  such  as  VAP,  emesis,  aspiration,  diarrhea, 
and  mortality  may  not  change  [25]. 

Evidence  Contour 

The  CALORIES  Trial  Did  Not  Reliably 
Support  PN  due  to  Study  Design 

In  the  CALORIES  Trial  [26],  2400  patients  in  33 
ICUs  in  England  were  randomized  to  either  EN  or 
PN  for  up  to  5  days.  The  authors  hypothesized  that 
more  patients  in  the  PN  arm  would  be  able  to 
achieve  nutritional  goals  earlier,  leading  to  a  rela¬ 
tive  risk  reduction  in  mortality.  Although  there  was 
no  difference  in  30  day  mortality  between  groups 
(33%  vs.  34%)  the  patients  in  the  PN  group  did 
not  get  more  calories  than  those  in  the  EN  group  in 
this  pragmatic  trial.  In  addition,  although  there 
was  no  increase  in  rate  of  infection  in  the  PN 
group,  this  is  likely  because  infection  rate  in  PN  is 
dose-dependent  [1-3,  5].  Pragmatic  trials  are 
important  in  demonstrating  the  challenges  of  pro¬ 
tocol  implementation  but  are  not  explanatory  in 
nature  and  the  superiority  of  one  method  over 
another  cannot  be  concluded  from  this  trial. 

Actual  Caloric  Goals  Remain  an  Area 
of  Ongoing  Research 

The  actual  caloric  goals  in  critical  illness  have 
not  yet  been  defined.  Most  are  estimated  through 
calculations  based  on  characteristics  of  the 


patient  prior  to  illness  onset  and  illness-severity 
scores  [27].  A  table  of  commonly  used  predictive 
equations  can  be  found  here  [28].  Indirect  calo¬ 
rimetry  is  suggested  to  be  the  gold  standard  in 
measuring  resting  energy  expenditure  [29], 
though  its  standard  and  frequent  use  is  often 
impractical  [30].  There  can  be  significant  differ¬ 
ences  between  measured  and  predicted  energy 
expenditures  [28],  though  the  effect  on  patient 
outcomes  is  not  well  defined. 

Actual  Micronutrient  Goals  Are  Not 
Clear 

Adequate  intake  of  micronutrients  and  electro¬ 
lytes,  especially  phosphate,  are  essential  to  ade¬ 
nosine  tri-phosphate  (ATP)  formation  and  the 
catabolic  process  of  critical  illness.  Deficiency  is 
implicated  in  refeeding  syndrome,  in  which 
intake  after  starvation  results  in  insulin-mediated 
phosphate  uptake,  with  resultant  cardiac  and/or 
respiratory  failure.  The  administration  of  high 
dose  selenium,  copper,  manganese,  zinc,  iron, 
and  Vitamins  E,  C,  and  beta  carotene  have  been 
proposed  to  reduce  oxidative  cellular  damage  and 
organ  failure  [1,  10].  A  meta- analysis  evaluating 
micronutrient  supplementation  during  acute  criti¬ 
cal  illness  to  prevent  refeeding  syndrome  sug¬ 
gested  supplementation  with  high  dose  trace 
elements  and  vitamins  may  improve  outcomes  of 
critically  ill  patients  [31].  However,  a  subsequent 
well-designed  RCT  showed  no  benefit  of  micro¬ 
nutrient  supplementation,  and  supplementation 
with  glutamine  was  associated  with  increased 
mortality  [32]. 

No  Recommendations  Can  Be  Made 
for  or  Against  Specific  Lipid  Choices 
in  Tube  Feeds 

£2-3  fatty  acids  that  are  present  in  fish  oil  have 
been  shown  to  have  anti-inflammatory  effects, 
whereas  other  types  of  lipids  have  neutral  or  pro- 
inflammatory  immune  effects.  Hence,  it  was 
hypothesized  the  use  of  £2-3  fatty  acids  would 
have  a  beneficial  effect  in  treatment  of  acute  lung 
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injury  and  sepsis.  In  a  study  published  in  2008,  a 
modified  enteric  feed  with  increased  ratio  of  Q-3 
fatty  acids  to  other  lipids  was  administered  and 
was  shown  to  reduce  rates  of  death  and  new  organ 
failure  [33].  However,  the  OMEGA  trial,  a  multi¬ 
center  RCT  testing  the  effects  of  omega  supple¬ 
mentation  on  the  rate  of  sudden  cardiac  death  in 
survivors  of  acute  myocardial  infarction,  was 
stopped  early  for  futility  when  it  showed  no  ben¬ 
efit  with  the  administration  of  Q-3  fatty  acids 
plus  antioxidants.  No  recommendations  can  be 
made  at  this  time  for  or  against  specific  lipid 
choice  in  tube  feeds  [18]. 

Obese  Patients  Should  Be  Treated 
Like  Normal  or  Underweight  Patients 

Obesity  has  been  suggested  to  be  protective  in 
critical  illness  [17,  27],  which  may  often  lead  to 
delayed  initiation  of  nutrition.  However,  an 
observational  cohort  study  found  many  obese 
critically  ill  patients  were  malnourished,  and  had 
worse  outcomes  than  obese  patients  with  ade¬ 
quate  nutritional  status  [14,  20].  This  suggests 
that  obese  patients  with  malnutrition  may  not 
have  the  same  protective  effect,  and  should  be 
treated  the  same  as  normal-weight  or  under¬ 
weight  malnourished  patients. 
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Case  Presentation 

A  60-year-old  male  with  history  of  alcohol 
dependence  and  cirrhosis  presented  from  a 
skilled  nursing  facility  with  a  1  day  history  of 
altered  level  of  consciousness.  His  cirrhosis  had 
been  complicated  by  portal  hypertension  result¬ 
ing  in  hepatic  encephalopathy,  recurrent  ascites 
and  esophageal  varices  requiring  multiple  recent 
hospitalizations.  The  family  reported  that  the 
patient  had  non-colicky  abdominal  pain,  subjec¬ 
tive  fever,  and  nausea  for  2  days.  He  had  been 
receiving  therapeutic  large-volume  paracentesis 
every  month  for  the  previous  year  and  his  last 
paracentesis  had  been  3  weeks  prior  to  presenta¬ 
tion.  His  past  medical  history  also  included 
chronic  obstructive  pulmonary  disease  and 
depression.  His  medications  included  furose- 
mide,  spironolactone,  fluticasone/salmeterol, 
tiotropium  bromide  and  citalopram. 

Vital  signs  on  admission  showed  a  heart  rate 
of  112  beats/min,  blood  pressure  of 
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80/50  mmHg,  temperature  of  39.4  °C,  and  respi¬ 
ratory  rate  of  28  breaths/min.  Exam  was  notable 
for  abdominal  distention,  diffuse  abdominal 
tenderness,  shifting  dullness  and  altered  level  of 
consciousness  with  a  Glasgow  Coma  Scale 
(GCS)  of  6.  He  was  initiated  on  intravenous  flu¬ 
ids  but  due  to  persistent  hypotension,  vasopres¬ 
sor  therapy  with  norepinephrine  was  required 
for  hemodynamic  stabilization.  He  was  intu¬ 
bated  for  airway  protection  and  admitted  to  the 
intensive  care  unit  (ICU). 

His  labs  revealed  a  white  blood  cell  count  of 
13,800/mm3,  hemoglobin  of  9.0  g/dL,  creatinine 
of  2.6  mg/dL  (baseline  1.0  mg/dL),  lactic  acid 
of  5  mmol/L,  albumin:  1.9  g/dL,  billiru- 
bin:  1 .8  mg/dL,  and  an  international  normalized 
ratio  (INR)  of  2.0.  His  Child-Pugh-Turcotte 
(CTP)  and  model  of  end  stage  liver  disease 
(MELD)  scores  were  11  and  25,  respectively. 
Chest  X-ray  and  urine  analysis  were  within  nor¬ 
mal  limits.  Abdominal  CT  revealed  moderate 
ascites,  splenomegaly  and  a  nodular  liver 
(Lig.  68.1).  A  paracentesis  was  performed  and 
ascitic  fluid  analysis  showed  a  white  blood  cell 
count  of  450  cells/mcL,  with  a  polymorphonu¬ 
clear  cell  (PMN)  count  of  255  cells/mcL  and  a 
total  protein  of  1.0  g/dl. 

Question  What  is  the  most  likely  diagnosis? 

Answer  Spontaneous  bacterial  peritonitis  lead¬ 
ing  to  septic  shock. 


©  Springer  International  Publishing  Switzerland  2017 

R.C.  Hyzy  (ed.),  Evidence-Based  Critical  Care ,  DOI  10.1007/978-3-319-43341-7_68 


581 


582 


A.W.R.  Jawid  and  I.M.  Subramanian 


Fig.  68.1  CT  scan  image  of  liver  cirrhosis  (Courtesy  of 
Dr.  Eric  Yasumoto) 


All  patients  with  the  presence  of  cirrhosis  and 
ascites,  who  are  symptomatic  with  abdominal 
pain,  nausea,  vomiting  or  fever,  should  be  sus¬ 
pected  as  having  spontaneous  bacterial  peritoni¬ 
tis  (SBP)  and  should  undergo  a  paracentesis  and 
be  treated  with  antibiotics,  regardless  of  their 
ascitic  fluid  polymorphonuclear  (PMN)  count 
until  ascitic  fluid  culture  results  are  available  [1, 
2] .  It  is  important  to  rule  out  a  secondary  etiology 
for  peritonitis  such  as  a  surgical  cause.  In  this 
case,  the  patient  had  a  CT  of  the  abdomen  which 
did  not  indicate  a  surgical  etiology.  Differentiating 
between  SBP  and  secondary  bacterial  peritonitis 
is  further  covered  under  the  diagnosis  section  of 
this  chapter. 

This  patient  was  admitted  to  the  intensive  care 
unit  (ICU)  for  septic  shock  secondary  to  pre¬ 
sumed  SBP.  He  was  started  on  piperacillin- 
tazobactam  and  was  continued  on  norepinephrine. 
He  was  also  given  albumin  1.5  g/kg  on  the  first 
day  of  admission.  He  continued  to  have  fevers, 
but  his  hemodynamics  progressively  improved. 

On  the  third  day  of  ICU  admission,  his  blood 
pressure  normalized  and  vasopressor  support 
was  discontinued.  His  ascitic  fluid  cultures  grew 
Escherichia  coli  sensitive  to  Cefotaxime,  and 
his  antibiotic  coverage  was  subsequently  nar¬ 
rowed.  He  was  also  given  his  second  dose  of 
albumin  (1  g/kg).  The  patient  was  extubated  later 
that  day  and  was  transferred  out  of  the  ICU  in 
stable  condition  to  continue  an  antibiotic  course 
of  5  days  followed  by  prophylaxis  with  a  daily 
fluoroquinolone. 


Principles  of  Management 

Since  the  initial  description  of  SBP  in  the  1960s, 
studies  have  reflected  better  management  and 
earlier  recognition  resulting  in  a  marked  reduc¬ 
tion  in  mortality  from  90  %  quoted  in  some  older 
studies  to  now  a  predominantly  treatable  compli¬ 
cation  of  decompensated  cirrhosis.  Although 
cases  of  SBP  have  been  reported  in  patients  with 
nephrotic  syndrome  and  congestive  heart  failure, 
it  is  most  prevalent  in  patients  who  have  advanced 
cirrhosis  and  portal  hypertension.  Different 
variants  of  SBP  and  ascitic  fluid  infections  have 
been  characterized  and  are  important  to  recog¬ 
nize  [1,  3-5]. 

Diagnosis 

All  patients  with  cirrhosis  and  ascites  have  a  high 
risk  of  developing  SBP;  therefore  a  paracentesis 
should  be  performed  to  rule  out  SBP  for  all  hospi¬ 
talized  patients  with  cirrhosis  and  ascites 
(Fig.  68.2).  This  has  been  proven  to  reduce  mortal¬ 
ity  [1,  6,  7].  There  are  several  additional  criteria 
which  suggest  an  increased  risk  of  developing  SBP 


Fig.  68.2  Ultrasound  images  of  ascitic  fluid  (arrow) 
(Courtesy  of  Dr.  Eric  Yasumoto) 
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and  in  these  patients,  the  suspicion  for  SBP  should 
be  even  higher:  ascitic  fluid  total  protein  level  of 
<1.0  g/dl,  prior  history  of  SBP,  a  serum  total  biliru¬ 
bin  >2.5  mg/dl,  concomitant  variceal  bleeding,  and 
recent  use  of  a  proton  pump  inhibitor  [1,  3,  8]. 

The  ascitic  fluid  should  be  sent  for  aerobic  and 
anaerobic  cultures,  cell  count  and  differential,  and 
fluid  chemistries  (albumin,  protein,  glucose,  lac¬ 
tate  dehydrogenase,  amylase,  and  in  some  cases 
bilirubin).  It  is  important  that  diagnostic  paracen¬ 
tesis  be  performed  prior  to  the  administration  of 
antibiotics.  The  yield  of  the  ascitic  fluid  cultures 
is  greatly  reduced  even  with  the  administration  of 
a  single  dose  of  broad-spectrum  antibiotics  within 
6  h  prior  to  the  paracentesis  [1,  2,  7].  Appropriate 
handling  of  the  ascitic  fluid  is  crucial  to  minimize 
the  risk  of  skin  flora  contaminating  the  cultures, 
and  to  avoid  obtaining  a  false-positive  culture. 
When  culturing  ascitic  fluid,  immediate  bedside 
inoculation  of  the  ascitic  fluid  into  routine  blood 
culture  bottles  with  at  least  10-20  ml  of  fluid  has 
been  shown  to  increase  the  sensitivity  of  cultures 
and  to  avoid  false  negative  results  [1,9]. 

A  total  absolute  neutrophils  count  of  >250 
cells/mm3,  a  positive  ascitic  fluid  bacterial  cul¬ 
ture  and  absence  of  secondary  causes  of  peritoni¬ 
tis  (i.e.  bowel  perforation)  usually  confirm  the 
diagnosis  of  SBP  [1].  However,  different  variants 
of  spontaneous  ascitic  infections  exist  which  may 
not  present  with  the  classic  neutrophil  count. 
These  are  depicted  in  Table  68.1. 

It  is  imperative  to  rule  out  secondary  bacte¬ 
rial  peritonitis,  such  as  due  to  bowel  perforation 
or  intra-abdominal  abscess,  prior  to  diagnos¬ 
ing  SBP.  Failure  to  correctly  diagnose  second¬ 
ary  bacterial  peritonitis  from  a  surgical  etiology 
can  be  catastrophic.  Several  findings  can  help 
differentiate  SBP  from  a  secondary  bacterial 


peritonitis  caused  by  perforation.  SBP  is  often 
associated  with  less  abdominal  pain,  lower 
ascitic  fluid  total  protein  levels,  a  lower  ascitic 
fluid  neutrophil  count  (<1000  cells/mm),  lower 
ascitic  fluid  bilirubin  levels  (<6.0  mg/dl),  nor¬ 
mal  or  low  ascitic  fluid  amylase  levels  (higher 
levels  correlate  with  a  perforation),  and  the  pres¬ 
ence  of  a  monomicrobial  culture  result  [10].  The 
presence  of  two  of  the  three  following  “ ‘Runyon 
criteria”  is  very  sensitive  for  the  diagnosis  of 
secondary  bacterial  peritonitis:  ascitic  fluid  total 
protein  >1.0  g/dl;  glucose  of  <50  mg/dl;  and  an 
elevated  serum  LDH  in  the  presence  or  absence 
of  a  polymicrobial  blood  culture  [1,  10].  In  the 
event  that  a  patient  that  was  initially  diagnosed  as 
having  SBP  is  not  clinically  improving,  a  repeat 
paracentesis  may  be  helpful  as  a  rising  ascitic 
fluid  neutrophil  count  is  highly  concerning  for 
secondary  bacterial  peritonitis.  The  presence  of 
less  common  pathogenic  bacteria  (see  below)  or 
fungal  growth  in  the  ascitic  cultures  should  also 
prompt  a  search  for  an  intraabdominal  abscess 
leading  to  secondary  peritonitis. 

Marked  peripheral  leukocytosis  (or  neutro¬ 
philia)  does  not  seem  to  have  an  effect  on  the  leu¬ 
kocyte  (or  neutrophil)  count  in  ascitic  fluid  [11]. 
However,  a  traumatic  paracentesis  leading  to 
hemorrhagic  ascites  fluid  may  alter  the  neutro¬ 
phil  count.  The  commonly  used  correction  factor 
is  to  subtract  1  neutrophil  for  each  250  red  blood 
cells/mm3  in  the  ascitic  fluid  [12]. 

Microbiologic  Etiology 

Several  explanations  exist  for  how  bacteria 
enter  the  ascitic  fluid  and  lead  to  infection.  The 
most  widely  accepted  mechanism  is  that  of 


Table  68.1  Characterization  of  ascitic  fluid  infections 


Type  of  infection 

PMN  cell  count  (/mm3) 

Bacterial  culture  result 

Spontaneous  bacterial  peritonitis 

>250 

Positive  (usually  1  organism) 

1 .  Culture-negative  neutrocytic  ascites 

>250 

Negative 

2.  Monomicrobial  nonneutrocytic  bacterascites 

<250 

Positive  (1  organism) 

3.  Polymicrobial  bacterascites 

<250 

Positive  (polymicrobial) 

Secondary  bacterial  peritonitis 

>250  (usually  in  the  thousands) 

Positive  (polymicrobial) 

Data  from  Refs.  [4,  5,  10] 
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translocation  of  gut  bacteria  across  the  leaky  intes¬ 
tinal  wall  of  cirrhotic  patients  into  the  mesenteric 
lymph  nodes  with  subsequent  seeding  of  the  asci¬ 
tes  [3,  13].  Intestinal  bacterial  overgrowth,  either 
due  to  decreased  intestinal  motility  or  through 
the  use  of  proton  pump  inhibitors  has  also  been 
proposed  but  remains  controversial  [1,  3,  8,  14]. 
The  bacteria  that  usually  result  in  SBP  are  those 
that  require  a  functionally  intact  immune  system 
with  adequate  complement  levels  for  opsoniza¬ 
tion  and  removal.  Advanced  cirrhosis  certainly 
reduces  the  function  of  the  complement  system 
and  phagocyte  activity  [3,  15]. 

Most  cases  of  SBP  are  due  to  gut  bacteria  such 
as  Escherichia  coli  and  Klebsiella ;  however 
Streptococcus  pneumonia ,  Enterobacteriaceae, 
Staphylococcus  and  Pseudomonas  infections  can 
also  occur.  Additional  bacterial  pathogens  have 
geographic  prevalence  such  as  Aeromonas 
hydrophila ,  which  is  seen  in  Korea  [16].  The 
presence  of  more  than  one  type  of  bacteria  in  the 
ascitic  fluid  should  prompt  a  consideration  for  a 
secondary  peritonitis.  Additionally,  unusual 


organisms  such  as  fungi  found  on  culture  analy¬ 
sis  of  the  ascitic  fluid  can  also  suggest  a  second¬ 
ary  bacterial  peritonitis  from  an  abscess.  There 
have  also  been  case  reports  of  spontaneous  fun¬ 
gal  peritonitis  [17]  and  SBP  due  to  Listeria 
monocytogenes  [18],  in  immune-suppressed  and 
elderly  patients,  respectively. 

Treatment 

All  patients  with  SBP  should  be  started  on  broad 
spectrum  antibiotics  as  soon  as  the  diagnosis  is 
suspected.  Appropriate  and  timely  treatment  has 
been  shown  to  significantly  decrease  morbidity 
and  mortality  [1,  7,  14].  Figure  68.3  is  a  useful 
table  to  help  guide  therapy  in  patients  with  sus¬ 
pected  or  confirmed  SBP. 

Antibiotics 

In  patients  with  cirrhosis  and  ascites  who  have 
elevated  temperature  greater  than  37.8  °C  or 
100  °F,  abdominal  pain,  altered  mental  status, 


Ascites  fluid  analysis 


Fig.  68.3  Algorithm  for  initial  management  of  suspected  spontaneous  bacterial  peritonitis 
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or  evidence  of  sepsis,  treatment  for  SBP  should 
be  initiated  as  soon  as  ascitic  fluid,  blood,  and 
urine  have  been  obtained  for  culture  and  analy¬ 
sis  [1,  14,  19].  In  patients  without  these  findings, 
it  is  reasonable  to  wait  until  the  results  of  the 
PMN  count  are  available,  with  subsequent  initia¬ 
tion  of  treatment  if  the  ascitic  fluid  PMN  count 
is  >250  cells/mm3.  Collection  and  processing 
of  the  ascitic  fluid  should  be  done  rapidly  from 
the  time  of  patient  presentation  and  suspicion  of 
SBP  The  ascitic  fluid  PMN  count  is  more  readily 
available  than  the  culture  results  and  can  reliably 
identify  patients  who  need  empiric  antibiotic 
coverage  [6]. 

Cefotaxime  2  g  intravenously  every  8  h  has 
been  shown  to  have  excellent  penetration  into 
ascitic  fluid  and  is  generally  the  first  line  antibi¬ 
otic  used  [1,  19].  Ceftriaxone  has  been  shown  to 
prevent  SBP  in  the  setting  of  gastrointestinal 
hemorrhage  in  patients  with  cirrhosis  [1,  20]. 
Levofloxacin  can  be  used  for  patients  with  peni¬ 
cillin  allergy,  although  it  does  not  have  the  same 
penetration  into  ascitic  fluid  compared  to  cefo¬ 
taxime.  Broad- spectrum  antimicrobial  agents, 
such  as  carbapenems  with  or  without 
glycopeptides  or  piperacillin-tazobactam,  should 
be  considered  for  the  initial  treatment  of 
nosocomial  infections  and  healthcare-associated 
infections  when  the  risk  factors  for  multi-resis¬ 
tant  bacteria  are  apparent  [16].  For  spontaneous 
fungal  peritonitis,  systemic  anti-fungal  therapy  is 
recommended  [17]  but  as  mentioned  previously, 
a  search  for  an  intraabdominal  abscess  leading  to 
secondary  peritonitis  should  ensue.  For 
Listeria  monocytogenes  infections,  ampicillin, 
with  or  without  additional  aminoglycosides,  are 
effective  [18]. 

Albumin 

Renal  failure  as  a  result  of  hepatorenal  syndrome 
develops  in  a  significant  percent  of  patients  with 
SBP  and  is  a  major  cause  of  morbidity  and  mor¬ 
tality.  Hepatorenal  syndrome  is  a  clinical  diagno¬ 
sis,  without  any  specific  pathognomonic  feature. 

Albumin  infusions  have  been  shown  to 
decrease  mortality  in  patients  with  cirrhosis  and 
SBP  [21].  Albumin  infusions  should  be  given  if 
the  serum  creatinine  is  >1  mg/dL,  the  blood  urea 


Clinical  Diagnosis  of  Hepatorenal  Syndrome 

Presence  of  cirrhosis  with  ascites 

Development  of  Acute  Kidney  Injury 
(AKI)  (increase  in  serum  creatinine  of 
0.3  mg/dL  (26.5  micromol/L)  or  more 
within  48  h,  or  an  increase  from  baseline  of 
50  %  or  more  within  7  days) 

Absence  of  other  causes  of  AKI  includ¬ 
ing  nephrotoxic  drugs,  shock,  hypovolemia 
Absence  of  parenchymal  kidney  disease 
(i.e.  microhematuria,  proteinuria) 

nitrogen  is  >30  mg/dL  or  the  total  bilirubin  is 
>4  mg/dL.  It  is  recommended  to  give  1.5  g/kg  on 
the  first  day  of  admission  and  1  g/kg  on  the  third 
day  of  admission  [1,  22,  23].  This  albumin 
administration  is  recommended  in  addition  to  the 
regular  large  volume  paracentesis  albumin 
requirements. 

Discontinue  Nonselective  Beta  Blockers 
(NSBB) 

Among  patients  with  SBP,  NSBB  use  is  associ¬ 
ated  with  significantly  worse  outcomes  compared 
to  those  not  receiving  NSBB.  Increased  overall 
mortality  and  incidence  of  hepatorenal  syndrome 
have  been  observed  [24].  Most  experts  recom¬ 
mend  discontinuing  NSBB  permanently  in 
patients  with  SBP. 

Prophylaxis 

Antibiotic  Prophylaxis 

The  benefits  of  antibiotic  prophylaxis  must  be 
weighed  against  the  risk  of  developing  antibi¬ 
otic  resistance.  However,  in  patients  with  ascites 
who  are  at  high  risk  for  developing  SBP  (i.e. 
previous  history  of  SBP  and  low  ascitic  fluid 
total  protein),  antibiotic  prophylaxis  improves 
patient  outcomes.  The  opsonic  activity  of  ascitic 
fluid  is  reflected  by  the  ascitic  fluid  total  protein 
level.  Thus,  patients  with  low  total  protein  level 
concentrations  are  at  higher  risk  for  developing 
SBP.  Conversely,  patients  with  malignant  asci¬ 
tes  or  congestive  heart  failure  associated  with 
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high  fluid  total  protein  content  are  relatively 
resistant  to  SBP  [15,  25].  Of  note,  diuretic  ther¬ 
apy  is  also  integral  to  the  prevention  of  SBP  by 
concentrating  the  ascites  and  improving  host 
defense  [25].  Cirrhotic  patients  with  ascitic  fluid 
total  protein  levels  below  1  g/dL  are  at  the  high¬ 
est  risk  for  SBP  and  should  be  given  antibiotic 
prophylaxis  [20,  26].  Patients  should  also  be 
given  prophylaxis  if  the  ascitic  fluid  protein  is 
<1.5  g/dl  in  the  setting  of  any  of  the  following 
settings:  serum  creatinine  >1.2  mg/dl;  serum 
sodium  <130  mEq/L,  or  serum  bilirubin 
>3  mg/dl  [1]. 

Prophylactic  regimens  include  daily  fluoro¬ 
quinolone  or  trimethoprim- sulfamethoxazole 
therapy  (one  double- strength  tablet  per  day). 
Inpatient  fluoroquinolone  or  trimethoprim- 
sulfamethoxazole  therapy  should  be  given  for 
patients  with  cirrhosis  and  ascites  hospitalized 
for  other  reasons  and  have  an  ascitic  protein  con¬ 
centration  of  less  than  1  g/dl  [26-29]. 

Intravenous  ceftriaxone  (1  g  daily)  or  oral 
fluoroquinolone  daily  should  be  given  prophylac- 
tically  for  those  with  cirrhosis  and  active  gastro¬ 
intestinal  bleeding  regardless  of  the  presence  of 
ascites  [20]. 

Evidence  Contour 
Duration  of  Therapy 

The  duration  of  treatment  is  somewhat  contro¬ 
versial  and  consensus  does  not  exist.  One  ran¬ 
domized  controlled  trial  demonstrated  that  5 
days  of  treatment  is  as  efficacious  as  10  days  in 
the  treatment  of  carefully  characterized  patients 
with  SBP  [30].  However,  consideration  for  a 
longer  treatment  period  can  be  made  in  patients 
who  grow  unusual  organisms  (e.g.,  pseudomo¬ 
nas,  enterobacteriaceae),  an  organism  resistant 
to  standard  antibiotic  therapy,  or  an  organism 
routinely  associated  with  endocarditis  (e.g. 
staphylococcus  aureus  or  viridans  group  strep¬ 
tococci)  [16].  Patients  with  concurrent  variceal 
bleeding  and  ascites  should  definitively  be 
given  7  days  of  ceftriaxone  for  SBP  prophy¬ 
laxis  [1,  25]. 


Choice  of  Antibiotics 

The  first  choice  of  antibiotics  for  treatment  of 
SBP  remains  cefotaxime,  but  several  recent  stud¬ 
ies  have  identified  the  growth  of  multi-resistant 
organisms  and  recommend  antibiotics  with 
broader  coverage  such  as  carbapenems  with  or 
without  glycopeptides  or  piperacillin-tazobactam 
as  an  initial  treatment,  especially  in  patients  at 
risk  of  developing  nosocomial  or  healthcare- 
associated  infections  [16]. 

Patient  with  Non-neutrocytic 
Bacterascites 

It  is  unclear  if  patients  with  bacterascites  (bacte¬ 
ria  are  present  in  the  ascitic  fluid,  but  the  PMN 
count  is  less  than  250  cells/mm3)  have  infection 
or  colonization  and  so  clinical  correlation  is 
important.  Patients  who  have  non-neutrocytic 
bacterascites  but  demonstrate  signs  and  symp¬ 
toms  of  SBP,  should  be  diagnosed  as  having  pre¬ 
sumed  SBP  and  should  be  started  on  antibiotics. 
This  condition  can  be  seen  early  in  the  develop¬ 
ment  of  SBP.  If  the  patient  is  asymptomatic,  bac¬ 
terascites  could  suggest  colonization  and  a  repeat 
paracentesis  should  be  obtained  48  h  after  the 
initial  paracentesis  or  if  the  patient  develops 
symptoms.  A  follow  up  PMN  count  of  more  than 
250  cells/mm3  would  require  therapy  [4,  5]. 
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Case  Presentation 

A  34  year  old  woman  presented  to  the  clinic  for 
evaluation.  She  had  a  history  of  morbid  obesity  with 
a  body  mass  index  (BMI)  of  35  kg/m2  and  had 
undergone  uncomplicated  Roux-en-Y  gastric 
bypass  surgery  9  months  prior.  She  had  a  history  of 
heavy  alcohol  use,  but  stated  that  her  last  drink 
occurred  3  years  ago.  Within  the  past  1-2  months, 
she  noticed  increasing  jaundice,  fatigue,  and 
abdominal  distension  but  denied  any  recent  travel, 
new  medications  or  sick  contacts.  She  had  not  vom¬ 
ited  blood,  but  noted  that  her  stools  were  consis¬ 
tently  dark  and  tar-like.  Her  behavior  in  clinic 
included  emotional  lability  and  rambling  speech. 
Lab  testing  revealed  a  positive  blood  alcohol  level 
of  269  mg/dL  (reference  <10  mg/dL)  and  a  urine 
drug  screen  was  positive  for  benzodiazepines  and 
opioids,  though  these  medications  did  not  appear  on 
her  medication  list.  Labs  also  revealed  a  WBC  13 
K/uL  with  neutrophilic  predominance,  hemoglobin 
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10  g/dL,  MCV=112,  platelets  100  K/uL,  AST  202 
IU/mL,  ALT  38  IU/mL,  alkaline  phosphatase  of 
196  IU/mL,  and  total  bilirubin  25.3  mg/dL.  Her 
serum  creatinine  was  0.84  mg/dl,  INR  was  5.2,  and 
a  liver  ultrasound  revealed  increased  parenchymal 
echotexture  consistent  with  diffuse  hepatocellular 
disease,  splenomegaly  and  ascites. 

She  was  admitted  to  the  general  care  floor  with 
plans  for  an  upper  endoscopy  the  following  day. 
She  was  initially  alert  and  oriented  x  3  with  a 
BP=  114/56  mmHg  and  pulse  of  120  beats  per 
minute.  She  received  IV  vitamin  K  for  her  elevated 
INR  and  was  started  on  ceftriaxone  1  g  IV  daily 
for  infection  prophylaxis  in  the  setting  of  melena 
while  awaiting  endoscopy.  Due  to  her  recent  drink¬ 
ing  and  mild  tremulousness,  1-2  mg  of  lorazepam 
by  mouth  every  1-2  h  was  given  based  upon  agita¬ 
tion,  and  she  was  reassessed  on  an  hourly  basis  per 
protocol.  Overnight,  she  began  to  experience 
worsening  sinus  tachycardia  with  heart  rates  in  the 
130s,  blood  pressures  in  the  190s/100s  which  were 
nonresponsive  to  lorazepam,  and  a  fever  to  101° 
Fahrenheit.  She  also  developed  refractory  tremor 
in  her  upper  extremities  and  became  increasingly 
agitated  and  confused.  She  reported  seeing  bugs 
crawling  on  the  walls  and  door  frame,  which 
increased  her  agitation. 

Question  How  would  you  classify  her  liver  dis¬ 
ease  status? 

Answer  Acute  alcoholic  hepatitis  with  alcohol 
withdrawal  syndrome 
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The  patient  was  transferred  to  the  ICU  for  fur¬ 
ther  monitoring  given  severe  alcohol  withdrawal/ 
delirium  tremens.  An  infectious  workup  was  initi¬ 
ated  including  blood  cultures  and  a  chest  x-ray 
and  antibiotics  were  broadened  to  zosyn  and  van¬ 
comycin.  Potassium,  magnesium,  and  thiamine 
replacement  were  initiated.  Approximately  12  h 
after  her  admission  to  the  hospital,  she  had  2-3 
episodes  of  large  volume  bloody  emesis.  She  was 
hypotensive  to  50/30s  and  tachycardic  to  the  140s. 
Because  of  her  hematemesis  and  altered  mental 
status,  she  was  emergently  intubated  for  airway 
protection.  Her  hemoglobin  level  decreased  to  5 
g/dL  and  arterial  blood  lactate  level  was  16.3.  A 
central  line  was  placed  and  she  was  given  3  units 
blood  and  3  units  of  fresh  frozen  plasma,  in  addi¬ 
tion  to  normal  saline.  Her  blood  pressure 
responded  to  resuscitation  and  improved  to  89/53. 

The  patient  underwent  emergency  upper 
endoscopy  and  was  found  to  have  grade  III  esoph¬ 
ageal  varices  with  red  wale  marks  and  active  hem¬ 
orrhage.  Several  bands  were  placed  with 
successful  control  of  bleeding  but  with  incom¬ 
plete  eradication  of  her  varices.  Approximately  8 
h  after  the  upper  endoscopy,  she  was  noted  have 
hypotension  with  copious  amounts  of  bright  red 
blood  suctioned  from  her  orogastric  tube.  Given 
concern  for  recurrent  variceal  bleeding,  a  TIPS 
was  placed  following  a  hepatic  ultrasound  which 
showed  hepatic  steatosis  but  no  masses  or  portal 
vein  thrombosis.  Her  initial  porto- systemic  pres¬ 
sure  gradient  of  34  mmHg  decreased  to  14  mmHg 
following  successful  TIPS  placement.  The  patient 
was  ultimately  able  to  be  extubated  and  trans¬ 
ferred  to  the  floor  with  improving  mental  status 
and  functional  status  at  hospital  day  5.  At  day  7  of 
her  hospitalization,  she  developed  anuric  AKI 
which  was  felt  to  be  related  to  ATN  from  repeated 
periods  of  hypotension  and  was  started  on  hemo¬ 
dialysis.  She  passed  away  approximately  4  weeks 
after  her  discharge  from  multi-organ  failure  with  a 
bilirubin  of  30.4  mg/dl  and  INR  of  3.1. 

Principles  of  Management 

Classification  of  Alcoholic  Liver  Disease 

The  key  principles  of  management  of  the  patient 
with  ALD  in  an  ICU  setting  are  twofold:  medical 


management  of  the  ALD  and  its  associated  com¬ 
plications  and  concomitant  management  of  alco¬ 
hol  withdrawal  syndromes. 

Alcoholic  liver  disease  occurs  along  a  spec¬ 
trum  ranging  from  asymptomatic  hepatic  steato¬ 
sis  to  steatohepatitis  with  variable  amounts  of 
hepatic  fibrosis  (Table  69.1).  Alcoholic  hepatitis, 
by  contrast,  can  occur  at  any  time  point  along  this 
spectrum  and  is  characterized  by  a  clinical  syn¬ 
drome  of  new  onset-jaundice  within  the  past  3 
weeks,  coagulopathy,  leukocytosis,  and  fever 
occurring  in  the  presence  of  a  history  of  recent 
heavy  alcohol  use  with  no  other  identified  cause 
of  liver  injury  [1].  The  evaluation  of  the  patient 
with  suspected  alcoholic  liver  disease,  including 
alcoholic  hepatitis,  includes  a  thorough  workup 
for  alternative  causes  of  liver  injury  including 
testing  for  hepatitis  B  and  C  which  may  be  pres¬ 
ent  in  5-10%  of  patients  with  established  ALD; 
concomitant  acetaminophen  toxicity;  obstructive 
jaundice  due  to  choledocholithiasis;  and  autoim¬ 
mune  hepatitis.  Lab  testing  can  help  diagnose 
alcoholic  hepatitis  with  patients  often  having  an 
AST: ALT  ratio  of>2:l,  leukocytosis  with  neu¬ 
trophilic  predominance  and  elevated  bilirubin 
and  INR  levels.  The  liver  biopsy  in  patients  with 
AH  typically  demonstrates  evidence  of  neutro¬ 
philic  infiltration  of  the  liver  with  Mallory’s  hya¬ 
line,  cholestasis,  and  varying  severity  of 
steatohepatitis  (Figs.  69.1  and  69.2).  Although 
liver  biopsies  are  frequently  required  for  clinical 
trials,  most  practitioners  do  not  obtain  a  biopsy 
unless  there  is  substantial  clinical  uncertainty. 

Patients  with  ALD  often,  if  not  always,  have, 
concomitant  alcohol  use  disorders  (AUD)  which 
are  classified  by  clinical  symptoms  (Table  69.2). 
Alcohol  use  disorders  (AUD)  are  a  major  source 
of  morbidity  and  mortality  in  the  general  popula¬ 
tion  with  an  estimated  prevalence  of  6-8%  in 
North  America  [2].  Approximately  10-33%  of 
all  medical  ICU  patients  have  an  AUD  which 
places  them  at  risk  of  developing  alcohol  with¬ 
drawal  syndrome  [3].  A  thorough  history  for 
heavy  and  chronic  alcohol  use  should  be  taken,  as 
alcoholic  hepatitis  can  occur  even  weeks  after  the 
patient  has  stopped  drinking.  Though  the  pattern 
of  alcohol  use  resulting  in  alcoholic  liver  disease 
(chronic  vs  binge  drinking  [i.e.,  consuming  five 
or  more  drinks  in  less  than  2  h])  is  still  unclear, 
chronic  daily  use  of  >30  g  (approximately  two 
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standard  drinks)  alcohol  increases  the  risk  for 
cirrhosis.  Alcoholic  hepatitis  patients  report  a 
mean  use  of  100  g  or  greater  daily  (~7  standard 
drinks  or  more  per  day),  frequently  in  the  days  or 
weeks  prior  to  presentation  [1].  A  standard  drink 
is  defined  as  12  oz  of  beer,  5  oz  of  wine,  or  1.5  oz 
hard  liquor. 

Lab  testing  for  alcohol  use  can  be  helpful  in 
the  proper  setting  as  patients  may  be  reluctant 
to  disclose  the  true  nature  of  their  alcohol  and / 
or  co-occurring  illicit  drug  use.  Ethanol  test¬ 
ing  in  the  blood  or  urine  can  be  used,  though 
the  short  half-life  results  in  a  narrow  time  win¬ 
dow  for  positive  results  (blood  -10-12  h,  urine  ~  1 8- 
24  h)  [4].  Ethyl  glucuronide,  a  metabolite  of 
ethanol  formed  in  the  liver  by  the  conjugation 


of  ethanol  with  glucuronic  acid  via  UDP- 
glucuronosyltransferase,  can  be  detected  in 
the  urine  approximately  72-90  h  after  the  last 
ingestion  of  alcohol  and  can  be  helpful  in  veri¬ 
fying  reports  of  abstinence  [4].  Since  there  can 
be  substantial  inter-individual  variation  in  the 
production  of  urinary  ethyl  glucuronide, 
results  should  always  be  interpreted  in  the 
appropriate  clinical  context. 

Prognosis  in  Alcoholic  Hepatitis 

Once  a  clinical  diagnosis  of  AH  is  established, 
prognosis  can  be  determined  based  on  the 
Maddrey’s  discriminant  function  or  Model  for 


Table  69.1  Spectrum  of  alcoholic  liver  disease 


Disease  phenotype 

Clinical  features 

Objective  laboratory  and  prognostic 
markers 

Asymptomatic  hepatic 
steatosis 

Incidence:  2-5  %  of  US  population 
Symptoms:  occasional  hepatomegaly/ 

RUQ  pain,  good  muscle  tone,  appear 
medically  well 

Risk  factors:  daily  alcohol 
consumption  >  2  to  3  drinks/day,  female 
gender 

Prognosis:  generally  favorable  and 
reversible  with  abstinence 

Treatment:  alcohol  detox  to  sobriety, 
multivitamin,  counseling,  psychiatric 
meds  to  prevent  relapse 

Labs: 

Serum  AST  and  ALT  may  be  mildly 
elevated  or >2:1  ratio 

Normal  or  minimally  elevated  MCV 
without  anemia 

Urine  ethylglucuronide  to  verify 
alcohol  use  in  past  5  days 

Normal  albumin,  bilirubin  and  INR 
Imaging:  increased  hepatic  steatosis  on 
CT/MRI. 

Biopsy:  variable  steatosis  with  mild 
inflammation  and  pericellular  fibrosis 
Prognosis:  may  improve/resolve  with 
abstinence  or  lead  to  progressive  liver 
damage/fibrosis  with  continued  alcohol 
use 

Alcoholic  hepatitis 

Incidence:  5-10  per  100,000 

Labs: 

Symptoms:  acute  jaundice,  nausea, 

Serum  AST:  ALT >2:1  frequently 

abdominal  pain,  fever,  encephalopathy. 

seen  but  both<  1000  IU/mL 

Risk  Factors:  binge  intake >4  weeks  in 

Urinary  ethylglucuronide  detectable  if 

chronic  user,  younger  age,  genetic 

alcohol  use  in  past  5-7  days 

polymorphisms 

CBC:  moderate  to  severe  macrocytosis 

Prognosis:  10-30%  1  month  mortality; 

with  anemia,  frequent 

50%  1-year  mortality  with  abstinence; 

thrombocytopenia,  leukocytosis  with 

90  %  mortality  without  abstinence 

left  shift  if  severe 

Treatment: 

Moderate  to  severely  t  bilirubin  and 

Manage  acute  alcohol  withdrawal 

INR,  low  albumin. 

Thiamine,  folate,  enteral  nutrition 

Imaging:  hepatic  steatosis  in  CT/MRI 

Steroids  x  6  weeks  in  highly  selected 

+/-  hepato splenomegaly,  +/-  ascites  and 

patients 

venous  collaterals 

Alcohol  abstinence 

Biopsy:  steatosis  with  neutrophilic 

Management  of  encephalopathy, 

inflammation,  cirrhosis  in  40-60  % 

bleeding,  ascites 

Prognosis:  discriminant  function  >32 

Not  candidates  for  liver  transplant  in 
most  centers 

has  30-50  %  mortality  at  1  month 

(continued) 
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Table  69.1  (continued) 


Disease  phenotype 

Clinical  features 

Objective  laboratory  and  prognostic 
markers 

Decompensated  alcoholic 

Incidence:  unknown  but  10-15  %  of 

Labs: 

cirrhosis 

patients  with  heavy  alcohol  will  go  on  to 

Serum  AST  and  ALT  frequently 

develop  cirrhosis 

normal  or  minimally  elevated 

Symptoms:  anorexia,  weight  loss,  ascites, 

CBC:  Moderate  to  severe 

muscle  wasting/weakness,  palmar 

macrocytosis  with  anemia,  low  WBC 

erythema,  telangiectasias 

and  platelets  due  to  portal  HTN. 

Risk  Factors:  lifetime  alcohol 

Bilirubin  and  INR  variably  elevated, 

consumption  exceeding  3-4  drinks/day 

low  albumin 

over  10  years  or  more 

Imaging:  small  shrunken,  nodular  liver 

Prognosis:  determined  by  severity  of 

with  ascites,  collaterals  and 

portal  HTN  complications  (variceal 

splenomegaly 

bleeding,  ascites,  encephalopathy).  If 

Biopsy:  cirrhosis  with  minimal  steatosis/ 

MELD  >20,  then  -70%  1  year  survival 

inflammation 

even  with  abstinence 

Prognosis: 

Treatment: 

MELD  score  predicts  mortality  at  3 

Thiamine,  folate,  and  multivitamins 

months: 

Medical  management  of  ascites  with 

<9  =  -2  %  mortality 

diuretics 

1 0=  1 9  =  6  %  mortality 

Lactulose/rifaxamin  for  encephalopathy 

20=29  =  20  %  mortality 

Endoscopy  for  varices 

30=39  =  53  %  mortality 

Transplant  in  selected  patients  with 
favorable  prognosis  for  long-term 
abstinence  and  compliance 

>40  =  71%  mortality 

Abbreviations:  US  United  States,  AST  aspartate  transaminase,  ALT  alanine  transaminase,  INR  international  normalized 
ratio,  CT  computed  tomography,  MRI  magnetic  resonance  imaging,  IU  international  units,  mL  milliliter,  HTN  hyperten¬ 
sion,  CBC  complete  blood  count,  WBC  white  blood  cell  count,  MELD  Model  for  End-Stage  Liver  Disease 
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Fig.  69.1  Alcoholic  hepatitis.  An  example  of  acute  alco¬ 
holic  hepatitis  with  Mallory-Denk  bodies,  steatosis,  and 
neutrophilic  inflammation  (400x  magnification) 

endstage  liver  disease  (MELD)  scores  which 
both  predict  1  month  mortality  of  approximately 
20-35%  [5]30ther  prognostic  scoring  models 


lrThe  MELD  score  is  calculated  according  to  the  following 
formula:  (0.957  x  loge(creatinine  mg/dL)  +  (0.378  x  loge 
(bilirubin  mg/dL)  + (1.120  x  loge(INR)) +  0.643.  Score 
should  be  multiplied  by  10  and  rounded  to  the  nearest 


Fig.  69.2  Hepatic  steatosis.  Low-grade  steatohepatitis 
showing  predominantly  steatosis  (lOOx  magnification) 

have  been  used,  such  as  the  Chronic  Liver 
Lailure-  Sequential  Organ  Lailure  Scoring 
System  (CLIL-SOLA)  and  have  been  validated  in 
cohorts  which  included  ALD  and  AH,  showing  as 
good  or  better  prognostic  performance  when 
compared  to  the  MELD  score  [6] . 

whole  number.  Lab  values  <1.0  are  set  to  1.0  for  MELD 
calculation. 
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Table  69.2  Diagnostic  criteria  for  alcohol  use  disorder  and  alcohol  withdrawal  syndrome 


Alcohol  use  disorders 


Diagnostic  Criteria 

Mild:  2-3  symptoms 

Moderate:  4-5  symptoms 

Severe:  6+  symptoms 

At  least  two  of  the  following: 

1 .  Alcohol  taken  in  larger  amounts  or  over  longer  period  than  intended 

2.  Persistent  desire  or  failed  efforts  to  cut  down/control  use 

3.  Great  deal  of  time  spent  obtaining,  using,  or  recovering  from  effects  of 
alcohol 

4.  Craving,  or  strong  desire/urge  to  use  alcohol 

5.  Recurrent  alcohol  use  resulting  in  failure  to  fulfill  major  role 
obligations  at  work,  home,  school 

6.  Continues  alcohol  use  despite  persistent/recurrent  social  or 
interpersonal  problems  related  to  alcohol  use 

7.  Important  social,  occupational,  or  recreational  activities  given  up/ 
reduced  due  to  alcohol  use 

8.  Recurrent  alcohol  use  when  physically  hazardous 

9.  Continued  alcohol  use  despite  knowledge  of  persistent/recurrent 
physical  or  psychological  problem  related  to  alcohol  use 

10.  Tolerance: 

(a)  Either  a  need  for  markedly  increased  amounts  of  alcohol  to  achieve 
the  desired  effect/intoxication 

(b)  OR  markedly  diminished  effect  of  continues  use  of  same  amount  of 
alcohol 

11.  Withdrawal: 

(a)  Symptoms  consistent  with  alcohol  withdrawal  syndrome  (see 
below) 

(b)  Alcohol  (or  closely  related  substance  such  as  benzodiazepine) 
taken  to  relieve/avoid  withdrawal  symptoms 

Remission  definitions 

In  early  remission: 

After  full  criteria  for  AUD  diagnosis  met,  NO  criteria  for  AUD  have  been 
for  3  months,  but  less  than  12  months  (Craving  criteria  can  still  be  met 
but  considered  to  be  in  early  remission) 

In  sustained  remission: 

After  full  criteria  for  AUD  diagnosis  met,  NO  criteria  for  AUD  met  for  12 
or  more  months  (Craving  criteria  can  still  be  met  but  considered  to  be  in 
sustained  remission) 

Alcohol  withdrawal  Syndrome 


Diagnostic  criteria 

1 .  Cessation/reduction  of  heavy/prolonged  alcohol  use 

2.  Two  or  more  of  the  following,  developing  within  several  hours  to  a  few 
days  following  cessation/reduction  in  alcohol  use: 

(a)  Autonomic  hyperactivity  (sweating,  pulse  >100  beats  per  minute) 

(b)  Increased  hand  tremor 

(c)  Insomnia 

(d)  Nausea  or  vomiting 

(e)  Transient  visual,  tactile,  or  auditory  hallucinations 

(f)  Psychomotor  agitation 

(g)  Anxiety 

(h)  Generalized  tonic-clonic  seizures 

3.  Signs/symptoms  of  above  criteria  cause  clinically  significant  distress/ 
impairment  in  social,  occupational,  or  other  important  areas  of  functioning 

4.  Above  signs/symptoms  not  attributable  to  another  medical  condition  and 
not  better  explained  by  another  mental  disorder,  including  withdrawal  or 
intoxication  with  another  substance 

The  standard  medical  management  of  AUD  sepsis  and  pulmonary  infections  which  contrib- 
includes  vitamin  and  mineral  supplementation  as  utes  substantially  to  morbidity  and  mortality  [8]. 
well  as  management  of  AWS  (Table  69.3).  Patients  In  addition,  complications  of  alcoholic  cirrhosis, 
with  AUD  have  a  higher  risk  of  requiring  mechan-  such  as  GI  bleeding  or  spontaneous  bacterial  peri- 
ical  ventilation  and  are  more  prone  to  develop  tonitis,  may  also  prompt  ICU  admission. 
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Table  69.3  Clinical  institute  withdrawal  assessment  of  alcohol  scale,  revised  (CIWA-Ar) 


Record  heart  rate  and  blood  pressure  for  1  min 


NAUSEA  AND  VOMITING— Ask  “Do  you  feel 
sick  to  your  stomach?  Have  you  vomited?” 
Observation 

0  No  nausea  or  vomiting 

1  Mild  nausea  with  no  vomiting 

2 

3 

4  Intermittent  nausea  with  dry  heaves 

5 

6 

7  Constant  nausea,  frequent  dry  heaves  and 
vomiting 

TACTILE  DISTURBANCES— Ask  “Do  you  have  any  itching, 
pins  and  needles  sensations,  any  burning,  any  numbness,  or  do 
you  feel  bugs  crawling  on  or  under  your  skin?” 

0  None 

1  Very  mild  itching,  pins/needles,  burning  or  numbness 

2  Mild  itching,  pins/needles,  burning  or  numbness 

3  Moderate  itching,  pins/needles,  burning  or  numbness 

4  Moderately  severe  hallucinations 

5  Severe  hallucinations 

6  Extremely  severe  hallucinations 

7  Continuous  hallucinations 

TREMOR-  Arms  extended  and  fingers  spread 
apart.  Observation. 

0  No  tremor 

1  Not  visible,  but  can  be  felt  fingertip  to  fingertip 

2 

3 

4  Moderate,  with  patient’s  arms  extended 

5 

6 

7  Severe,  even  with  arms  not  extended 

AUDITORY  DISTURBANCES-  Ask  “Are  you  more  aware  of 
sounds  around  you?  Are  they  harsh?  Do  they  frighten  you?  Are 
you  hearing  anything  that  is  disturbing  to  you?  Are  you  hearing 
things  you  know  are  not  there?” 

0  Not  present 

1  Very  mild  harshness  or  ability  to  frighten 

2  Mild  harshness  or  ability  to  frighten 

3  Moderate  harshness  or  ability  to  frighten 

4  Moderately  severe  hallucinations 

5  Severe  hallucinations 

6  Extremely  severe  hallucinations 

7  Continuous  hallucinations 

PAROXYSMAL  SWEATS-  Observation. 

0  No  sweat  visible 

1  Barely  perceptible  sweating,  palms  moist 

2 

3 

4  Beads  of  sweat  obvious  on  forehead 

5 

6 

7  Drenching  sweats 

VISUAL  DISTURBANCES-  Ask  “Does  the  light  appear  to  be 
too  bright?  Is  its  color  different?  Does  it  hurt  your  eyes?  Are 
you  seeing  anything  that  is  disturbing  to  you?  Are  you  seeing 
things  that  you  know  are  not  there?”  Observation. 

0  Not  present 

1  Very  mild  sensitivity 

2  Mild  sensivity 

3  Moderate  sensivitiy 

4  Moderately  severe  hallucinations 

5  Severe  hallucinations 

6  Extremely  severe  hallucinations 

7  Continuous  hallucinations 

ANXIETY-  Ask  “Do  you  feel  nervous?” 

0  No  anxiety 

1  Mildly  anxious 

2 

3 

4  Moderately  anxious 

5 

6 

7  Equivalent  to  acute  panic  states  as  seen  in  severe 
delirium  or  acute  schizophrenic  reactions 

HEADACHE,  FULLNESS  IN  HEAD— Ask  “Does  your  head 
feel  different?  Does  it  feel  like  there  is  a  band  around  your 
head?”  Do  not  rate  for  dizziness  or  lightheadedness.  Otherwise, 
rate  severity. 

0  Not  present 

1  Very  mild 

2  Mild 

3  Moderate 

4  Moderately  severe 

5  Severe 

6  Very  severe 

7  Extremely  severe 

AGITATION-  Observation 

0  Normal  activity 

1  Somewhat  more  than  normal  activity 

2 

3 

4  Moderately  fidgety  and  restless 

5 

6 

7  Paces  back  and  forth  during  most  of  the 
interview,  or  constantly  thrashes  about 

ORIENTATION  AND  CLOUDING  OF  SENSORIUM-  Ask 
“What  day  is  this?  Where  are  you?  Who  am  I?” 

0  Oriented  and  can  do  serial  additions 

1  Cannot  do  serial  additions  or  is  uncertain  about  date 

2  Disoriented  for  date  by  no  more  than  2  calendar  days 

3  Disoriented  for  date  by  more  than  2  calendar  days 

4  Disoriented  for  place/or  person 

Total  score: (maximum:  67) 


Scores  are  used  in  individual  hospital  withdrawal  protocols  to  guide  medication  administration  [7] 
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ICU  Management  of  Alcohol  Use 
Disorders,  Including  Alcohol 
Withdrawal  Syndrome  (AWS) 
and  Delirium  Tremens  (DTs) 

The  ICU  management  of  alcohol  withdrawal  must 
occur  in  parallel  with  the  medical  management  of 
their  liver  disease.  Alcohol  withdrawal  syndrome 
(AWS)  is  defined  as  a  complex  of  symptoms  devel¬ 
oping  within  hours  to  days  of  reduction  or  cessa¬ 
tion  of  alcohol  use  that  has  been  heavy  and 
prolonged,  in  the  absence  of  another  medical  cause 
for  the  symptoms  (DSM-V)  [9].  Symptoms  are 
protean  and  may  fluctuate  including  autonomic 
hyperactivity,  hand  tremor,  insomnia,  nausea  and 
vomiting,  visual,  tactile,  or  auditory  hallucinations, 
psychomotor  agitation,  anxiety,  and  generalized 
seizures.  Delirium  tremens  (DT)  or  withdrawal 
delirium  (as  it  is  termed  in  the  DSM-V),  is  a  more 
severe  form  of  AWS,  characterized  by  alcohol 
withdrawal  symptoms  coupled  with  delirium, 
including  decreased  attention  and  awareness  with 
disturbance  in,  memory,  orientation,  perception  or 
visuospatial  abilities  (DSM-V)  (Table  69.4). 
Patients  with  DT  have  as  high  as  a  10-20%  inpa¬ 
tient  mortality  rate  particularly  within  the  first  48  h 
of  presentation.  Delirium  symptoms  should  also 
prompt  a  thorough  evaluation  for  other  medical 
problems  that  could  produce  delirium  such  as 
infection,  GI  bleeding,  hypoglycemia,  electrolyte 
disturbances,  occult  head  injury,  or  ingestion  of 
other  toxins/psychoactive  drugs.  Alcohol  with¬ 
drawal  symptoms  can  appear  several  hours  after 
cessation  of  all  alcohol  use  and  reach  full  severity 
approximately  50-60  h  after  stopping  alcohol  [10]. 

There  are  no  formal  practice  guidelines  for  the 
treatment  of  AWS,  but  numerous  studies  have 
evaluated  the  effectiveness  of  various  medication 
strategies  (see  Table  69.2).  Standardized, 
symptom-driven  protocols  for  administration  of 
benzodiazepines  as  first-line  therapy  have  been 
shown  to  be  more  effective,  safer,  and  less  expen¬ 
sive  than  continuous,  non- symptom  driven  infu¬ 
sions,  resulting  in  lower  overall  use  of 
benzodiazepines,  faster  time  to  symptom  control, 
shorter  ICU  and  overall  hospital  stay,  and  reduced 
need  for  mechanical  ventilation  [10-12].  Such 
protocols  are  commonly  nurse-administrated  and 
involve  frequent,  serial  assessments  of  CNS  exci¬ 


tation,  autonomic  symptoms,  and  delirium. 
Several  scores  have  been  developed  to  assess  for 
AWS,  but  perhaps  the  most  commonly  used  score 
is  the  revised  Clinical  Institute  Withdrawal 
Assessment  for  Alcohol  Use  score  (CIWA-Ar), 
though  this  has  not  been  validated  in  critically  ill 
patients  nor  intubated  patients  [7,  10,  13]  (see 
Table  69.3).  Benzodiazepines  are  given  in  stan¬ 
dard  dose  increments  based  on  the  total  score 
obtained  and  all  patients  should  have  frequent 
assessment  of  their  vitals  and  respiratory  status. 

A  meta-analysis  of  sixty-four  studies  that 
included  over  4000  participants,  demonstrated  a 
trend  towards  better  outcomes  for  benzodiaze¬ 
pines  versus  other  medications  in  AWS  but  when 
comparing  different  benzodiazepines  amongst 
each  other,  no  evidence  supported  using  one  over 
another  [12].  However,  lorazepam  or  midazolam 
are  frequently  preferred  over  diazepam  due  to 
their  shorter  half-life. 

In  patients  with  severe  AWS  or  DTs 
(i.e.  CIWA-Ar  >20),  ICU  admission  for  clinical 
and  hemodynamic  monitoring  is  strongly 
advised  due  to  their  high  short-term  mortality 
via  aspiration,  seizures,  or  cardiac  arrest.  A 
recent  meta-analysis  revealed  that  patients  with 
a  prior  history  of  alcohol  withdrawal  seizures  or 
DTs,  thrombocytopenia,  and  hypokalemia  were 
at  greater  risk  of  developing  seizures  or  DTs  on 
subsequent  hospitalizations  [14].  Other 
predictors  of  DTs  include  higher  CIWA-Ar 
scores  >15,  hypertension,  tachycardia,  older 
age,  and  comorbid  medical  problems,  such  as 
respiratory,  cardiac,  or  GI  disease  [15].  Specific 
management  recommendations  for  DTs  is  lim¬ 
ited  by  a  lack  of  well-controlled  trials  but  benzo¬ 
diazepines  remain  the  first-line  agent  for  initial 
treatment.  Although  diazepam  and  lorazepam 
are  frequently  used  and  available  in  IV  formula¬ 
tions,  lorazepam  has  a  shorter  half-life.  Shorter- 
acting  benzodiazepines  may  be  preferred  in 
patients  with  ALD  due  to  prolonged  sedative 
effects  in  patients  with  hepatic  dysfunction. 
In  patients  who  require  adjunctive  therapy,  pro¬ 
pofol  (0.3-1.25  mg/kg/h,  max  dose  4  mg/kg/h) 
or  dexmedetomidine  (up  to  0.7  mcg/kg/h)  can  be 
considered  [15].  Patients  must  be  in  a  ICU 
setting  for  administration  of  these  agents  (as  dis¬ 
cussed  below  in  the  Evidence  Contour). 
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Table  69.4  Michigan  alcohol  withdrawal  severity  (MAWS)  scoring  system 

Symptom  classes 

Scoring 

Type  A  (CNS  excitation) 

Anxiety  or  nervousness 

Restless 

Bothered  by  bright  light 

Bothered  by  sounds 

Assign  one  point  for  each 
Maximum  4  points 

Type  B  (Adrenergic  hyperactivity) 

Nausea  or  vomiting 

Visible  tremor 

Sweat  visible  (palms/forehead) 

SBP  more  than  30  mmH  over  baseline  or  >170  mmHg  OR  DBP  more  than 

20  mmHg  over  baseline  or  >100  mmHg 

Heart  rate  >110 

Assign  one  point  for  each 
Maximum  5  points 

Type  C  (Delirium) 

Inappropriate  behavior,  not  redirectable 

Disinhibited,  not  redirectable 

Disoriented 

Hallucinations  (auditory,  visual,  tactile)  AND  not  redirectable 

Maximum  1  point 

Severity-based  treatment  protocol 


Severity 

Clinical  Guidance 

Cautions/Side  Effects 

Mild/Moderate 

MAWS  score  0-5 

Baseline  EKG 

Assess  every  1-2  h  (or  more  frequently  if  clinical 
instability  present) 

MAWS  1-5 

Lorazepam  1-2  mg  PO/IV  every  1  h  as  needed 
until  patient  calm  or  MAWS  score  0 

If  2  or  more  Type  B  symptoms  non-responsive 
to  lorazepam,  consider  clonidine  0.1  mg  PO  every 

2  h  (maximum  3  doses)  after  ruling  out  other 
contributing  factors  (ex.  hypoglycemia,  electrolyte 
disturbance,  dehydration,  cardiac  problems,  etc) 

If  Type  C  symptoms  present  and  nonresponsive 
to  lorazepam,  consider  haloperidol  0.5-2. 0  mg 
PO/IM  every  2  h  until  Type  C  symptoms  resolve 

OR  patient  is  calm/cooperative  OR  redirectable 

Clonidine 

STOP  if  SBP  decreases  30 
mmHg  or  more  OR  DBP 
decreases  by  20  mmH  or  more 
with  any  one  dose 

Haloperidol 

Requires  at  least  hourly 
monitoring  by  nursing 

Do  not  use  in  patients  with 
Parkinson’s  disease 

Monitor  for  fever,  new 
hypertension  or  dystonic 
reaction  and  discontinue  use 
immediately  if  these  occur 

Severe 

MAWS  Score  6+ 

Transfer  to  monitored  telemetry  bed 

Consider  ICU  Transfer  if  MAWS  >6  after  6  h 
treatment  OR  clinical  instability  (SBP  <85  or 
>185  mmHg;  HR  >125;  RR  >30  or  inability  to 
protect  airway) 

Lorazepam  2-4  mg  PO/IV  every  1  h  as  needed 
until  patient  calm  or  MAWS  score  0 

If  2  or  more  Type  B  symptoms  non-responsive 
to  lorazepam,  consider  clonidine  0. 1-0.2  mg  PO 
every  2  h  (maximum  3  doses)  after  ruling  out 
other  contributing  factors  (ex.  hypoglycemia, 
electrolyte  disturbance,  dehydration,  cardiac 
problems,  etc) 

If  Type  C  symptoms  present  and  nonresponsive 
to  lorazepam,  consider  haloperidol  0.5-2. 0  mg 
PO/IM  every  2  h  until  Type  C  symptoms  resolve 

OR  patient  is  calm/cooperative  OR  redirectable 

For  intubated  patients  with  ongoing  signs  and 
symptoms  of  severe  withdrawal  not  responsive  to 
above  measures,  consideration  can  be  given  to 
propofol  or  dexmedetomidine  infusions. 

Same  as  above 

The  MAWS  protocol  is  an  institution- specific  example  of  AWS  management.  Consult  your  local  institutional  protocols, 

if  available,  for  management.  Other  examples  of  suggested  protocols  are  included  in  Shukit,  NEJM  2014  (371) 
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Nutritional  and  Micronutrient 
Supplementation 

Vitamin  deficiencies  are  common  in  hospitalized 
patients  with  AUD  and  ALD.  The  most  common 
electrolyte  disturbance  is  hypomagnesemia, 
which  is  thought  to  occur  due  to  increased  urinary 
excretion  as  well  as  GI  losses  through  diarrhea 
[16].  Repletion  of  magnesium  and  potassium  is 
standard  of  care  for  patients  with  alcohol  use  dis¬ 
orders,  though  supplementation  has  not  been 
shown  to  improve  outcomes  or  decrease  risk  of 
developing  severe  AWS  or  DTs.  Thiamine 
(vitamin  Bl)  deficiency  is  also  common  in  alco¬ 
holic  patients  and  arises  due  to  poor  dietary  intake, 
reduced  intestinal  absorption,  and  impaired  cel¬ 
lular  utilization.  Thiamine  deficiency  can  result  in 
Wernicke-Korsakoff  syndrome,  a  neurologic  syn¬ 
drome  with  both  acute  and  chronic  manifestations 
including  ataxia,  oculomotor  disturbances 
(Wernicke’s  encephalopathy),  and  confusion  in 
the  acute  setting  which  can  progress  to  more 
chronic  and  intractable  amnestic  symptoms,  char¬ 
acteristic  of  the  Korsakoff  syndrome  [17].  Early 
recognition  and  repletion  of  thiamine  can  reverse 
the  acute  manifestations,  but  chronic  changes  are 
often  permanent.  Alcoholic  dementia  and  alco¬ 
hol-related  cerebellar  degeneration  have  also  been 
linked  to  thiamine  deficiency  [17].  Thiamine 
repletion  in  the  ICU  should  be  via  the  parenteral 
route  as  intestinal  absorption  of  oral  thiamine  is 
poor  [10].  Magnesium  repletion  should  also  be 
addressed  since  magnesium  acts  as  a  cofactor  for 
the  conversion  of  thiamine.  Care  should  be  taken 
to  replace  thiamine  prior  to  initiation  of  glucose- 
containing  intravenous  infusions  to  avoid  precipi¬ 
tating  Wernicke’s  encephalopathy.  Folate 
deficiency  is  also  common  in  AUD  patients  and 
results  in  a  macrocytic  anemia. 

Many  other  vitamins  and  minerals  may  be 
deficient  in  alcoholics  due  to  combination  of 
poor  nutritional  status,  decreased  absorption  and 
increased  losses  through  the  urinary  or  GI  tract. 
This  includes  vitamin  B6  (pyridoxine),  vitamin 
B2  (riboflavin),  vitamin  C,  iron,  phosphorus  and 
calcium.  A  daily  multivitamin  often  meets 
requirements  for  supplementation  of  water- 
soluble  vitamins  and  minerals.  Fat- soluble  vita¬ 
mins,  including  vitamins  A,  D,  E,  and  K,  are 
often  deficient  in  patients  with  AFD  and  chronic 


alcohol  use.  Recommended  daily  intake  of  vari¬ 
ous  vitamins  and  minerals  for  patients  with  AFD 
are  listed  in  Table  69.4.  Additional  supplementa¬ 
tion  may  be  necessary  for  patients  in  whom  some 
levels  are  low.  Nutritional  consultation  for  the 
ICU  patient  with  AFD  may  be  helpful.  Enteral 
nutrition  via  tube  feeds  is  recommended  over 
parenteral  where  possible  [18].  Placement  of 
enteral  feeding  tube  via  oral  or  nasal  route  is  safe, 
even  in  the  presence  of  varices  and  should  be 
favored  over  parenteral  nutrition,  which  increases 
infection  risk  [18].  Furthermore,  percutaneously- 
placed  gastrostomy  tubes  are  contraindicated  in 
the  setting  of  ascites,  coagulopathy  [19]. 

Upper  GI  Bleeding  in  Patients 
with  Alcoholic  Liver  Disease 

Varices  are  responsible  for  nearly  70%  of  UGI 
bleeding  in  AFD  patients,  but  other  causes  of 
hemodynamically  significant  bleeding  in  cir¬ 
rhotic  patients  can  include  peptic  ulcer  disease, 
or  Mallory- Weiss  tear  with  an  exposed  vessel 
(particularly  in  patients  with  recent  nausea  and 
vomiting).  Practice  guidelines  are  available  (see 
Table  69.3)  to  aid  in  management. 

All  patients  with  chronic  liver  disease  and 
UGI  bleeding  should  be  transferred  to  the  ICU 
for  management  (Table  69.5).  Farge-bore  IV 
access  is  essential,  and  central  vein  access  with  a 
Cordis™  or  other  large  caliber  device  is  preferred 
to  allow  for  rapid  infusion  of  blood  products  and 
crystalloid.  Blood  transfusion  should  be  initiated 
if  hemoglobin  is  <8  g/dl,  but  over-resuscitation 
with  blood  products  or  crystalloid  should  be 
avoided  in  order  to  prevent  a  rise  in  portal  pres¬ 
sures  which  could  precipitate  worsened  bleeding. 
A  recent  study  confirmed  the  benefit  of  a  restric¬ 
tive  transfusion  strategy.  In  a  randomized  con¬ 
trolled  trial  of  over  800  patients  with  upper  GI 
bleeding,  those  who  received  transfusions  to 
maintain  a  target  hgb  of  -  8  g/dl  (restrictive  strat¬ 
egy)  versus- 10  g/dF  (liberal  strategy)  had 
improved  6  week  survival  (HR  0.55,  p=0.02) 
[20].  The  subgroup  of  patients  with  cirrhosis, 
particularly  Childs  A/B  cirrhotics,  had  even  bet¬ 
ter  survival  (HR  0.30,  p=0.02).  Of  note,  patients 
with  massive  exsanguinating  bleeding,  acute  cor¬ 
onary  syndromes,  stroke  or  TIA,  symptomatic 
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Table  69.5  Management  of  alcoholic  liver  disease  and 
alcohol  withdrawal 

Alcohol  Suspect  in  patients  who  report  a 

Withdrawal  history  of  recent  drinking  or  who 

answer  any  CAGE  questions 
positively  or  who  have  signs/ 
symptoms  of  alcohol  withdrawal 
Utilize  a  protocol-based  assessment 
approach,  (see  Tables  69.3  and  69.4 
for  examples)  or  institution- specific 
protocol,  to  regularly  assess  patients 
for  signs/symptoms  of  withdrawal: 
CNS  excitation  (anxiety, 
restlessness,  bothered  by  light/ 
sound) 

Adrenergic  Activation  (Nausea/ 
vomiting,  visible  tremor, 
diaphoresis,  hypertension, 
tachycardia) 

Delirium  (inappropriate  or 
disinhibited  behavior  that  is  not 
re-directable,  disorientation, 
hallucinations) 

See  Table  69.4  for  management  and 
pharmacotherapy  options 

Severe  alcohol  withdrawal 
syndrome/DTs 

Inability  to  protect  airway/need  for 
intubation 

Upper  GI  bleeding  concerning  for 
variceal  bleeding 
Hemodynamic  instability  (HR 
>125,  RR  >30,  SBP  <85,  or  >185) 
Refractory  symptoms  unresponsive 
to  benzodiazepine  treatment 


peripheral  vascular  disease,  or  lower  GI  bleeding 
were  excluded.  Therefore,  a  target  hemoglobin 
~8  g/dL  is  appropriate  in  patients  with  suspected 
variceal  bleeding  [21]. 

As  soon  as  variceal  bleeding  is  suspected, 
octreotide  should  be  initiated  in  a  continuous  intra¬ 
venous  infusion.  A  bolus  dose  of  50  meg  followed 
by  50  meg/h  infusion  rate  is  recommended  with 
infusion  continued  for  3-5  days  after  confirmation 
of  variceal  bleeding  on  endoscopy.  The  mecha¬ 
nism  of  action  of  octreotide  is  due  to  splanchnic 
vasoconstriction  which  decreases  portal  pressures; 
however,  somatostatin  and  its  analogues  (includ¬ 
ing  octreotide)  alone  offer  only  marginal  benefit 
and  should  always  be  accompanied  by  early  endo¬ 
scopic  therapy.  Patients  are  often  placed  on  pro¬ 
ton-pump  inhibitor  infusions  prior  to  diagnostic 
and  therapeutic  endoscopy,  given  concern  for  pep¬ 
tic  ulcer  bleeding.  If  varices  are  found  to  be  the 


cause  of  upper  GI  bleeding,  PPI  infusions  can  be 
replaced  with  once  or  twice  daily  oral  PPI,  depend¬ 
ing  upon  other  endoscopic  findings  and  risk  for 
stress  ulcers  in  the  ICU  setting.  Finally,  antibiotic 
prophylaxis  should  be  initiated  in  all  cirrhotic 
patients,  with  or  without  ascites,  presenting  with 
GI  hemorrhage.  In  multiple  studies,  a  mortality 
benefit  has  been  shown  for  cirrhotic  patients  with 
GI  bleeds  receiving  prophylactic  antibiotics  initi¬ 
ated  as  soon  as  possible  after  presentation  to  the 
hospital.  The  presence  or  absence  of  ascites  in 
ALD  patients  with  GI  bleeding  is  not  required  to 
initiate  antibiotic  prophylaxis.  Third-generation 
cephalosporins,  such  as  ceftriaxone  are  preferred 
over  fluoroquinolones  due  to  studies  showing 
greater  efficacy  with  cephalosporin  and  can  be 
continued  for  up  to  7  days  [21].  Non-selective 
beta-blockers  for  prevention  of  variceal  bleeding 
should  be  avoided  in  the  acute  setting. 

Early  endoscopy  within  a  maximum  of  12  h 
should  occur  [21].  In  order  to  optimize  visualiza¬ 
tion  of  the  UGI  tract,  gastric  lavage  via  place¬ 
ment  of  an  NG  tube  is  recommended  to  help  clear 
the  stomach  of  old  blood.  Contrary  to  popular 
belief,  placement  of  an  NG  tube  is  not  associated 
with  a  greater  risk  of  inducing  bleeding  from 
esophageal  varices.  Lavage  with  500  ml  or  more 
of  normal  saline  is  recommended  until  clear.  In 
addition,  some  endoscopists  recommend  admin¬ 
istration  of  a  rapid  acting  prokinetic  agent  such  as 
IV  metoclopramide  (10  mg)  or  erythromycin 
(125  mg)  to  facilitate  removal  of  retained  clots. 

Endoscopic  treatment  options  for  esophageal 
varices  include  band  ligation  and  sclerotherapy. 
Band  ligation  is  usually  the  first-line  endoscopic 
treatment,  with  sclerotherapy,  using  either  etha- 
nolamine  or  sodium  morrhuate  as  sclerosants, 
often  reserved  for  use  if  banding  fails.  Endoscopic 
therapy  is  successful  in  controlling  variceal  bleed¬ 
ing  in  80-90%  of  cases.  In  cases  where  endo¬ 
scopic  therapy  is  unsuccessful,  salvage  therapy 
with  a  transjugular  intrahepatic  portosystemic 
shunt  (TIPS)  is  the  next  step  in  management.  TIPS 
is  contraindicated  in  patients  with  uncontrolled 
systemic  infections  or  sepsis,  congestive  heart  fail¬ 
ure,  severe  pulmonary  hypertension  or  severe  tri¬ 
cuspid  regurgitation.  Obstruction  of  hepatic  veins, 
presence  of  portal  vein  thrombus,  hepatocellular 
carcinoma,  severe  coagulopathies  and  thrombocy- 


Indication  for 
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topenia  (<20,000  cells/mm3),  and  severe  hepatic 
encephalopathy  are  also  relative  contraindications 
to  placing  a  TIPS.  Therefore,  a  hepatic  ultrasound 
with  dopplers  and  bedside  echocardiogram  (if 
there  is  clinical  suspicion  of  heart  failure  or  pul¬ 
monary  hypertension)  should  be  performed  prior 
to  TIPS,  though  this  should  not  delay  TIPS  if  the 
patient  is  hemodynamically  unstable  with  ongoing 
bleeding.  If  bleeding  continues  after  endoscopic 
therapy,  balloon  tamponade  can  be  used  for  up  to 
24  h  to  temporize  until  the  patient  can  be  taken  to 
the  Interventional  Radiology  suite  for  TIPS.  The 
most  common  tamponade  device  available  is  the 
Sengstaten-Blakemore  tube  (Fig.  69.3).  This  tube, 
composed  of  both  an  esophageal  and  gastric  bal¬ 
loon,  should  only  be  inserted  in  intubated  and 
sedated  patients.  The  balloon  can  be  inserted 
blindly  following  endoscopy  with  inflation  of  the 
gastric  balloon  often  sufficient  to  provide  tampon¬ 
ade  of  bleeding.  A  portable  abdominal  x-ray 
should  be  performed  prior  to  full  balloon  inflation 
to  confirm  position  in  the  stomach  prior  to  secur¬ 
ing  the  balloon.  Balloon  tamponade  devices  should 
only  be  placed  and  monitored  by  individuals 
skilled  and  familiar  with  their  use  and  should  not 
be  left  in  place  longer  than  24  h.  If  TIPS  is  unavail¬ 
able,  consideration  should  be  given  to  transferring 
to  a  center  which  offers  the  procedure. 

Medical  Management  of  Acute 
Alcoholic  Hepatitis 

The  medical  management  of  acute  alcoholic  hepa¬ 
titis  includes  supportive  care,  nutritional  support, 
vitamin  and  mineral  supplementation,  and  surveil¬ 
lance  for  and  treatment  of  infection  (See 
Table  69.5).  Glucocorticoids  or  pentoxifylline  were 
suggested  as  part  of  management  in  selected 
patients  until  the  recently  completed  STOPAH  trial 
called  into  question  the  effectiveness  of  these  thera¬ 
pies  [22,  23].  In  a  multicenter,  double-blind,  ran¬ 
domized  trial,  1103  patients  with  a  clinical 
diagnosis  of  acute  alcoholic  hepatitis  and 
Maddrey’s  Discriminant  Function  score  >32  were 
randomized  to  either  placebo,  pentoxifylline  plus 
placebo,  prednisolone  plus  placebo,  or  pentoxifyl¬ 
line  plus  prednisolone.  There  was  no  difference  in 
28  day  mortality,  though  there  was  a  trend  towards 


Fig.  69.3  Sengstaten-  Blakemore  Tube.  Prior  to  inser¬ 
tion,  patients  should  be  electively  intubated  and  sedated. 
After  the  esophageal  and  gastric  balloons  are  inflated  to 
exclude  a  leak,  the  lubricated  tip  of  the  tube  is  passed 
through  a  nares  or  the  mouth  into  the  hypopharynx  and 
esophagus.  Following  confirmation  of  a  secussion  splash 
in  the  stomach,  the  gastric  balloon  is  inflated  with  30  ml  of 
air  and  a  STAT  confirmatory  x-ray  obtained  to  insure 
proper  tube  placement.  The  gastric  balloon  is  inflated  to 
200-250  ml  followed  by  active  traction  on  the  tube  at  the 
oropharynx  to  create  a  tamponade  effect  at  the  gastro¬ 
esophageal  junction.  All  tubes  require  external  fixation  to 
prevent  tube  retraction.  The  maximum  recommended 
duration  of  balloon  inflation  is  12  and  24  h  for  the  esopha¬ 
geal  and  gastric  balloons,  respectively,  to  prevent  mucosal 
necrosis 

improved  90  day  and  1-year  mortality  with  cortico¬ 
steroids  that  did  not  reach  statistical  significance. 
Based  on  this  data,  as  well  as  prior  meta-analyses, 
pentoxifylline  appears  to  be  ineffective  in  improv¬ 
ing  outcomes  for  patients  with  acute  alcoholic  hep¬ 
atitis  and  should  not  be  used  [24, 25].  Though  some 
meta-analyses  had  previously  shown  some  moder¬ 
ate  short-term  benefit  with  prednisolone,  the 
STOPAH  trial  calls  its  use  into  question.  Higher 
rates  of  infection  have  also  been  reported  in  patients 
receiving  prednisolone  [26]. 

Only  patients  with  a  clinical  diagnosis  of  acute 
AH  and  Maddrey’s  DF  score  >32  who  have  no 
evidence  of  active  infection  should  be  considered 
for  corticosteroids  after  considering  the  risks  ver¬ 
sus  benefits.  Because  treatment  for  1  month 
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would  be  required,  patients  in  whom  long-term 
follow-up  is  uncertain  or  questionable  should  not 
be  placed  on  prednisolone.  The  dose  of  predniso¬ 
lone  given  is  40  mg  PO  daily.  The  Lille  score,  a 
composite  of  age,  creatinine,  albumin,  prothrom¬ 
bin  time,  and  bilirubin,  can  be  calculated  at  day  7 
of  glucocorticoid  treatment  to  determine  if 
patients  are  responding  to  prednisolone  therapy 

[27] .  If  the  score  is  >0.45,  this  suggests  that  the 
patient  is  not  responding  and  consideration 
should  be  given  to  stopping  steroids. 

Additional  medical  management  options  for 
acute  AH  include  nutritional  therapy.  Enteral 
therapy,  preferred  over  parenteral  nutrition  due  to 
increased  risk  of  infection,  should  be  considered 
given  the  frequent  finding  of  protein-calorie  mal¬ 
nutrition  in  patients  with  chronic  AUDs  and  acute 
AH.  One  multi-center  randomized  open-label 
trial  of  corticosteroids  versus  enteral  nutrition 
showed  similar  28  day  survival,  suggesting  that 
enteral  nutrition  is  non-inferior  to  corticosteroids 

[28] .  Vitamin  and  mineral  supplementation,  as 
noted  above,  is  recommended. 

Management  of  Hepatorenal 
Syndrome 

Acute  kidney  injury  (AKI)  develops  in  up  to  20  % 
of  hospitalized  cirrhotic  patients  [29].  Most 
instances  of  acute  kidney  injury  in  patients  with 
chronic  liver  disease  are  pre-renal  and  acute  tubular 
necrosis  (ATN).  General  principles  of  AKI  man¬ 
agement  in  cirrhotic  patients  apply:  surveillance 
for  and  treatment  of  infection;  stopping  any  medi¬ 
cations  that  precipitate  dehydration  or  renal  injury 
(such  as  diuretics,  ACE-inhibitors,  NSAIDs,  or 
aminoglycoside  antibiotics).  However,  hepatorenal 
syndrome  (HRS),  due  to  splanchnic  vasodilation 
and  renal  vasoconstriction  in  the  setting  of 
advanced  liver  disease,  occurs  in  approximately 
20  %  of  patients  with  ALD  or  acute  AH.  Hepatorenal 
syndrome  is  diagnosed  in  a  cirrhotic  with  ascites 
who  has  a  serum  creatinine  >1.5  mg/dL  which  does 
not  improve  with  administration  of  a  fluid  chal¬ 
lenge  (given  as  1  g/kg  albumin  daily  to  a  maximum 
of  100  g/day  for  at  least  2  days)  with  no  evidence 
for  shock,  treatment  with  nephrotoxic  drugs,  or 
parenchymal  kidney  disease.  There  are  two  type  of 
HRS:  type  1  HRS,  which  is  characterized  by  a 


rapid  rise  in  creatinine  to  >2.5  mg/dL  or  a  50% 
reduction  in  creatinine  clearance  to  <20  ml/min  in 
2  weeks  or  less,  and  type  II  HRS  which  is  slower, 
more  progressive  renal  failure  occurring  over  sev¬ 
eral  weeks  to  months  [30].  Both  carry  a  very  high 
mortality,  but  type  1  HRS  is  more  commonly 
encountered  in  the  ICU  setting. 

HRS  can  frequently  occur  in  the  setting  of  infec¬ 
tion,  particularly  in  patients  with  spontaneous  bac¬ 
terial  peritonitis  (SBP).  Therefore,  in  addition  to 
antibiotics,  albumin  should  be  given  on  day  1  (1.5  g/ 
kg)  and  day  3  (1.0  g/kg)  to  prevent  development  of 
HRS  and  improve  mortality  in  patients  with  SBP 
[30].  In  patients  who  have  a  confirmed  diagnosis  of 
HRS,  treatment  with  a  combination  of  daily  albu¬ 
min  infusion,  octreotide  (200  meg  subcutaneously 
three  times  daily)  and  midodrine  (5-12.5  mg  orally 
three  times  daily  titrated  to  achieve  an  increase  in 
mean  arterial  pressure  of  15  mmHg)  has  been 
shown  in  a  small  randomized  trial  and  in  a  larger 
retrospective  trial  to  be  effective  [3 1,32].  Octreotide 
and  midodrine  work  by  increasing  splanchnic  vaso¬ 
constriction.  Other  medications  that  have  been 
investigated  include  terlipressin,  a  vasopressin  ana¬ 
logue  that  increases  splanchnic  vasoconstriction.  In 
the  first  direct  comparison  between  terlipressin/ 
albumin  versus  midodrine/octreotide/albumin,  terli- 
pressin-based  therapy  was  found  to  be  superior  to 
octreotide  and  midodrine  [33].  Since  terlipressin  is 
not  available  in  the  United  States,  it  is  not  recom¬ 
mended  for  use  at  this  time.  Terlipressin  also  carries 
with  it  an  increased  risk  of  vasoconstrictive  compli¬ 
cations,  including  myocardial  infarction,  stroke, 
and  intestinal  ischemia.  A  meta-analysis  of  trials 
comparing  terlipressin  and  norepinephrine  showed 
equivalent  efficacy,  with  fewer  adverse  events  in  the 
norepinephrine-treated  patients  [34].  This  study 
was  limited,  however,  by  the  high  risk  of  bias  in  the 
included  studies,  which  were  all  single-center,  non- 
blinded  studies  with  small  sample  sizes. 

Evidence  Contour 

Optimal  Medications  for  Alcohol 
Withdrawal  Syndrome 

Although  benzodiazepines  are  the  first  line  agents 
for  AWS,  other  medications  that  are  not  well  stud¬ 
ied  but  have  been  used  in  an  ICU  setting  include 
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propofol,  phenobarbital,  alpha-2  agonists,  such  as 
clonidine  and  dexmedetomidine;  and  antipsychot- 
ics  such  as  haloperidol.  Haloperidol  has  been 
described  as  adjunctive  therapy  to  treat  severe  agi¬ 
tation  and  hallucinations,  but  its  use  is  compli¬ 
cated  by  an  increased  likelihood  of  seizures  and 
QT  prolongation.  Newer  atypical  antipsychotics 
such  as  risperidone,  quetiapine,  or  olanzapine, 
have  not  been  studied  in  patients  with  AWS  or 
DTs.  Alpha-2  agonists,  such  as  dexmedetomi¬ 
dine,  work  to  decrease  CNS  sympathetic  outflow, 
thus  decreasing  the  autonomic  symptoms  associ¬ 
ated  with  AWS.  Dexmedetomidine  in  particular 
has  emerged  as  a  potentially  attractive  adjunctive 
agent  given  its  much  shorter  half-life  and  greater 
ease  of  titration  but  should  not  be  used  in  patients 
with  heart  block.  In  addition,  the  lack  of  GABA  or 
opioid  activation  produces  less  respiratory  depres¬ 
sion,  possibly  preventing  intubation.  In  the  only 
prospective,  randomized  trial  to  date  in  24  patients 
receiving  primary  symptom-driven  benzodiaze¬ 
pine  therapy  for  AWS,  adjunctive  dexmedetomi¬ 
dine  reduced  24  h  lorazepam  requirements 
compared  to  placebo  but  did  not  show  benefit  in 
any  other  secondary  outcomes  [3]. 

Intubation  for  EGD 

Decisions  regarding  intubation  and  choice  of 
sedation  are  complex  and  require  individualiza¬ 
tion.  Sedation  in  ICU  patients  with  underlying 
AUD  and  ALD,  including  those  who  are  not 
undergoing  withdrawal,  is  complex.  Patients  with 
AUDs  may  require  higher  doses  of  sedatives, 
including  higher  opioid  and  anxiolytic  doses  to 
achieve  similar  sedation  outcomes  as  patients 
without  AUDs.  However,  in  patients  with  ALD, 
commonly  used  sedation  agents,  including  propo¬ 
fol,  midazolam,  and  fentanyl,  undergo  hepatic 
metabolism  and  can  result  in  more  prolonged 
sedation  at  lower  doses.  Because  of  the  complex¬ 
ity  of  sedation  in  patients  with  both  active  AUD 
and  ALD,  the  choice  of  sedative  should  be  indi¬ 
vidualized  to  the  patient.  Available  evidence  to 
date  supports  the  use  of  propofol  as  effective  and 
safe  in  cirrhotic  patients  with  no  evidence  of 
precipitation  of  hepatic  encephalopathy  [35,  36]. 
A  recent  meta-analysis  of  propofol  use  in  cir¬ 
rhotic  patients  (most  of  whom  were  Childs  Class 


A  or  B)  undergoing  upper  GI  endoscopy  showed 
that  propofol  was  safe  and  effective  with  no 
increased  risk  of  adverse  events,  though  the  trials 
did  not  indicate  if  patients  had  AWS  [37].  In  cases 
where  endoscopy  is  required,  the  choice  of  seda¬ 
tive  agent  should  be  made  in  conjunction  with  the 
consulting  gastroenterologist  and  the  ICU  team. 

The  decision  to  intubate  before  endoscopy 
should  also  be  individualized  based  on  patient 
characteristics  and  severity  of  clinical  bleeding. 
Patients  with  large- volume  upper  GI  bleeding  and 
those  with  altered  mental  status  who  may  not  be 
able  to  protect  their  airway  should  be  considered 
for  intubation  prior  to  endoscopy.  However,  routine 
intubation  for  all  patients  with  liver  disease  and 
upper  GI  bleeding  is  not  recommended  [38,  39]. 
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Case  Presentation 

A  45  year-old  African-American  female  with 
morbid  obesity  presented  to  the  emergency 
department  with  a  2-day  history  of  abdominal 
pain,  nausea,  vomiting,  and  skin  lesions.  She  was 
found  to  have  a  low-grade  fever,  but  all  other 
vitals  were  within  normal  limits.  Her  physical 
examination  was  unremarkable,  except  for 
diffuse  abdominal  tenderness  on  palpation  and 
diffuse  purpuric  lesions  (Fig.  70.1).  Her  white 
blood  cell  count  and  differential  count  were  nor¬ 
mal,  hemoglobin  was  8  g  per  deciliter  (g/dL),  and 
platelet  count  was  12,000  per  cubic  millimeter 
(mm3).  Her  peripheral  blood  smear  shows  multi¬ 
ple  fragmented  red  blood  cells  per  microscopic 
high-powered  field  (Fig.  70.2)  as  well  as  reticulo- 
cytosis.  Her  serum  creatinine  level  was  1.1  mg 
per  decilitier  (mg/dL),  total  bilirubin  3.3  mg/dL, 
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direct  bilirubin  2.1  mg/dL,  lactate  dehydrogenase 
800  U/L,  normal  coagulation  profile,  negative 
direct  Coombs’  test  and  a  negative  pregnancy 
test. 

Question  What  empiric  treatment  should  be 
instituted  urgently  for  this  medical  emergency 
prior  to  confirmation  of  the  diagnosis? 

Answer  Therapeutic  plasma  exchange 

All  patients  presenting  with  microangiopathic 
hemolytic  anemia  (MAHA)  and  thrombocytope¬ 
nia  in  the  absence  of  an  alternative  explanation 
should  be  recognized  rapidly  as  possible  throm¬ 
botic  thrombocytopenic  purpura  (TTP).  Prompt 


Fig.  70.1  Purpura  (bruises)  and  petechiae  ( red  and  purple 
dots)  on  the  skin.  Bleeding  under  the  skin  causes  the  purple, 
brown,  and  red  color  of  the  purpura  and  petechiae  (Source: 
NIH  National  Heart,  Lung  and  Blood  Institute.  What  Is 
Thrombotic  Thrombocytopenic  Purpura?  http://www. 
nhlbi.nih.gov/health/health-topics/topics/ttp) 
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Fig.  70.2  Peripheral  blood  smear  demonstrates  schisto- 
cytes  ( circled  in  blue )  (By  Central  Hematology  Laboratory 
Hemostasis  Research  Laboratory  Bern  University  Hospital 
&  University  of  Bern  -  Own  work,  CC  B  Y-SA  4.0,  https:// 
commons.wikimedia.org/w/index.php?curid=36741808) 

initiation  of  therapeutic  plasma  exchange  (TPE) 
may  be  life-saving.  This  patient  was  admitted  to 
the  intensive  care  unit  and  a  central  venous  cath¬ 
eter  was  placed  under  direct  ultrasound  guidance 
without  complication  following  urgent  platelet 
transfusion  due  to  her  severe  thrombocytopenia. 
A  complete  laboratory  evaluation  was  sent 
including  ADAMTS13  level,  AD  AMTS  autoan¬ 
tibody  screen,  hepatitis  panel  and  HIV  testing. 
Multiple  units  of  fresh  frozen  plasma  (FFP)  were 
administered  until  TPE  could  be  initiated.  TPE 
was  started  at  E5  plasma  volumes  for  the  first  3 
days.  High-dose  pulsed  intravenous  methylpred- 
nisolone  (1000  mg  per  day)  was  administered 
for  the  next  3  days.  Two  units  of  packed  red 
blood  cells  and  folic  acid  were  also  given.  Her 
hemodynamic  and  cardiopulmonary  status  was 
closely  monitored.  Once  her  platelet  count  was 
greater  than  in  the  50,000/mm3,  thromboprophy¬ 
laxis  was  started  with  low  molecular  weight 
heparin  and  aspirin.  By  day  three,  her  platelet 
count  increased  to  150,000/mm3.  TPE  was  then 
continued  at  one  plasma  volume  exchanged  for 
two  more  days  and  then  discontinued.  During 
this  time,  her  ADAMTS13  activity  level  from 
admission  returned  low  at  4%.  Hepatitis  panel 
and  HIV  testing  were  negative.  ADAMTS13 
autoantibody  was  still  pending.  Her  platelet 
count  and  LDH  continued  to  improve,  and  she 
was  downgraded  from  the  intensive  care  unit  by 
day  10  in  stable  condition. 


Principles  of  Management 

Diagnosis  of  Thrombotic 
Thrombocytopenic  Purpura 

The  diagnosis  of  thrombotic  thrombocytopenic 
purpura  (TTP)  is  primarily  a  clinical  one  that  is 
based  on  the  presenting  clinical  features  of 
MAHA,  thrombocytopenia,  and  organ  failure,  in 
the  absence  of  a  plausible  alternative  explanation. 
A  timely  diagnosis  is  essential,  because  if  left 
unrecognized  and  untreated,  TTP  has  a  mortality 
rate  of  90%  [1,  2].  Clinical  presentation  of  TTP 
is  significantly  heterogeneous  (Fig.  70.3).  The 
classic  pentad  of  TTP  (MAHA,  thrombocytope¬ 
nia,  fever,  neurologic  abnormalities,  and  acute 
kidney  injury),  previously  described  as  occurring 
commonly,  is  now  quite  rare.  In  one  case  series  of 
65  patients  with  severe  ADAMTS13  deficiency, 
only  5  %  were  affected  by  all  five  of  the  clinical 
abnormalities  [3].  Prior  to  advent  of  early  and 
empiric  TPE,  patients  with  TTP  would  often 
experience  more  severe  and  advanced  disease, 
thus  increasing  the  likelihood  of  exhibiting  the 
classic  pentad  prior  to  death.  This  likely  high¬ 
lights  the  greatly  improved  early  recognition  of 
TTP  and  subsequent  initiation  of  effective  ther¬ 
apy  which  have  greatly  reduced  the  risk  of  devel¬ 
oping  severe  disease  with  associated  multisystem 
organ  failure  and  mortality.  In  the  same  series 
mentioned  earlier,  only  37  %  had  severe  neuro¬ 
logic  abnormalities  and  34  %  had  no  evidence  of 
neurologic  dysfunction  at  all  [3].  Acute  kidney 
injury  is  rare  in  TTP  (seen  in  only  8%  in  that 
series),  as  opposed  to  hemolytic  uremic  syn¬ 
drome  where  it  is  much  more  common  [3].  Fever 
was  seen  in  23%  of  the  patients  with  severe 
ADAMTS13  deficiency  and  is  usually  low-grade 
[3].  A  high  fever  and  chills  should  raise  the  suspi¬ 
cion  for  an  alternative  diagnosis  such  as  sepsis. 
Since  the  presence  of  the  classic  pentad  is  now 
rare  and  usually  present  in  severe  and  advanced 
TTP,  clinicians  should  maintain  a  high  level  of 
suspicion  for  TTP  when  only  MAHA  and  throm¬ 
bocytopenia  are  found.  In  these  cases,  urgent 
TPE  should  be  undertaken  in  parallel  with  an 
aggressive  evaluation  for  alternative  diagnoses. 
Diseases  that  may  mimic  TTP  and  should  be 
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Fig.  70.3  Presenting  clinical  features  in  patients  with 
severely  reduced  ADAMTS13  levels.  Data  are  from  day  of 
diagnosis,  defined  as  day  of  the  first  plasma  exchange  treat¬ 
ment.  Severe  ADAMTS13  activity  defined  as  less  than 
10  %  of  normal.  Neurologic  dysfunction  ranged  from  minor 
(confusion,  headache,  etc.)  to  severe  (coma,  stroke,  seizure, 
focal  signs).  Acute  kidney  injury  (AKI)  is  defined  as 
increased  serum  creatinine  of  more  than  0.5  mg/dL/day  for 
2  consecutive  days  or  dialysis  together  with  a  serum 


creatinine  of  greater  than  4.0  mg/dL.  Normal  renal  function 
is  defined  as  all  creatinine  values  less  than  1.5  mg/dL. 
Complete  “classic”  pentad  of  TTP  is  defined  as  MAHA, 
thrombocytopenia,  fever,  neurologic  abnormalities,  and 
renal  dysfunction  Abbreviations:  MAHA  microangiopathic 
hemolytic  anemia,  CNS  central  nervous  system,  AKI  acute 
kidney  injury.  (Data  from:  George  JN.  Diagnosis  of  throm¬ 
botic  thrombocytopenic  purpura-hemolytic  uremic  syn¬ 
drome  in  adults.  UpToDate,  2015;  and  from  George  [3]) 


excluded  are  sepsis,  disseminated  intravascular 
coagulation  (DIC),  autoimmune  diseases  such  as 
systemic  lupus  erythematosus  (SLE)  and  sclero¬ 
derma,  vasculitis,  malignant  hypertension,  and 
malignancy  (Table  70.1). 

ADAMTS1 3  Activity  Level 
and  Autoantibody  Testing 

In  1982,  patients  with  hereditary  TTP  were 
observed  to  have  unusually  large  multimers  of 
von  Willebrand  factor  (ULvWF).  This  led  to  the 
discovery  and  subsequent  characterization  of  a 
von  Willebrand  factor-cleaving  protease  called 
ADAMTS13  (or  A  Disintegrin  And 
Metalloproteinase  with  a  ThromboSpondin  type 
1  motif,  member  13)  [3,  4].  In  the  absence  of 
ADAMTS13,  ULvWF  multimers  released  from 
the  vascular  endothelium  are  not  cleaved  properly 
resulting  in  spontaneous  platelet-rich  microvascu- 
lar  thrombosis  in  conditions  of  high  shear,  such  as 
in  the  brain,  heart,  and  kidneys  with  resultant 
ischemic-induced  organ  dysfunction.  AD  AMTS  1 3 


deficiency  is  now  well-described  to  be  the  causal 
factor  for  both  hereditary  TTP  (in  association 
with  a  confirmed  ADAMTS13  mutation)  and 
acquired  TTP  (in  association  with  an  AD  AMTS  13 
autoantibody).  Hereditary  TTP,  also  known  as 
Upshaw-Schulman  syndrome,  is  caused  by  homo¬ 
zygous  or  compound  heterozygous  ADAMTS13 
mutations,  and  may  be  apparent  at  birth  or  present 
later  into  adulthood  when  precipitated  by  a 
stressor  such  as  pregnancy,  infection,  or  surgery 
[5].  In  acquired  TTP,  severely  reduced 
ADAMTS13  activity  levels  of  less  than  5%  and 
presence  of  ADAMTS13  autoantibodies  confirm 
the  diagnosis  [6,  7]  and  can  help  distinguish  TTP 
from  HUS  with  a  specificity  of  90%  [8,  9]. 
However,  reduced  ADAMTS13  activity  (greater 
than  5%,  up  to  40%)  may  be  seen  in  non-TTP 
disorders  such  as  uremia,  inflammatory  states, 
post-operatively,  and  during  pregnancy  [10-12]. 
In  addition  to  aiding  in  diagnosis,  ADAMTS13 
activity  levels  may  help  identify  patients  at 
increased  risk  for  relapse  after  treatment. 
Importantly,  definitive  therapy  with  TPE  should 
not  be  delayed  while  determining  these  levels. 


Table  70.1  Differential  diagnosis  of  thrombocytopenia  and  microangiopathic  hemolytic  anemia  and  their  clinical  features,  ADAMTS13  activity,  treatment,  and  clinical  course 
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Fig.  70.4  Therapeutic  plasma  exchange  versus  plasma 
infusion  in  TTP.  Response  rates  and  death  between  plasma 
infusion  and  plasma  exchange  were  reported  as  statistically 


significant  following  the  first  treatment  cycle  (p  =0.025  and 
p  =0.035,  respectively)  and  after  6  months  (p  =0.002  and 
p  =0.036,  respectively)  (Data  from  Buskard  et  al.  [14]) 


Therapeutic  Plasma  Exchange 

Since  the  advent  of  therapeutic  plasma  exchange 
(TPE)  for  treatment  of  TTP,  mortality  has  signifi¬ 
cantly  fallen  from  90%  to  nearly  10%  [13].  In 
addition  to  replenishment  of  ADAMTS13  levels, 
TPE  also  facilitates  removal  of  ADAMTS13 
autoantibodies.  TPE,  when  compared  to  plasma 
infusion  alone,  can  significantly  improve  treat¬ 
ment  response  rates  and  survival  for  patients  with 
TTP.  This  was  highlighted  in  a  1991  study  by  the 
Canadian  Apheresis  Study  Group  [14]  where  123 
TTP  patients  were  randomly  treated  with  either 
TPE  or  plasma  infusion.  Response  rate,  as  defined 
by  an  increase  in  the  platelet  count,  was  signifi¬ 
cantly  greater  with  TPE  than  plasma  infusion  at 
the  end  of  the  first  treatment  cycle  (47  %  vs.  25  %, 
p  =0.025)  and  at  6  months  (78%  vs.  49%, 
p  =0.002)  (Fig.  70.4).  In  addition,  significantly 
fewer  patients  treated  with  TPE  died  compared  to 
plasma  infusion,  at  both  the  end  of  the  first  treat¬ 
ment  cycle  (4%  vs.  16%,  p  =0.035)  and  at  6 


months  (22%  vs.  37%,  p  =0.036).  Daily  TPE  at 
1.5  plasma  volumes  should  be  exchanged  for  the 
first  3  days  and  then  one  plasma  volume 
exchanged  daily  thereafter  (Fig.  70.5).  British 
guidelines  recommend  continuing  TPE  for  an 
additional  2  days  after  the  normalization  of  plate¬ 
lets  (greater  than  150,000  per  cubic  milliliter)  to 
prevent  relapse  [2] .  TPE  is  associated  with  a  2  % 
mortality  rate  and  26%  incidence  of  major  com¬ 
plications  (mostly  central  venous  catheter- 
related),  but  considering  the  poor  prognosis  of 
untreated  TTP,  the  benefits  outweigh  the  risks 
[15,  16]. 

Fresh  Frozen  Plasma  (FFP) 

ADAMTS13  is  a  component  in  FFP  and  therefore 
FFP  infusion  can  help  replenish  ADAMTS13  lev¬ 
els.  As  mentioned  earlier,  TPE  improved  outcomes 
better  than  FFP  infusions  alone;  however,  it  still 
may  be  used  in  the  treatment  for  TTP  if  there  is  any 
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Suspected  TTP 


i 


Urgently  start  TPE  (1.5  plasma  volumes  x 
3  days)  after  labs  sent  and  CVC  placed 


i 


Start  high -dose  corticosteroids  (IV 
methylprednisolone  1  g/d  x  3  days) 


T 


Any  neurologic  or  cardiac  involvement? 

Consider 

rituximab 


Continue  TPE  (1  plasma  volume  daily)  and 

Stop  plasma  exchange  if  an 
alternative  cause,  such  as 

cancer,  sepsis,  etc.,  is  found 

follow  platelet  count 

X 

Stop  daily  TPE  when  the  platelet  count 

> 

Start  rituximab,  if  not  done  yet 

exceeds  150,000/^11713  for2  consecutive 

days,  then  begin  to  taper  corticosteroids. 

i 

1 

Platelet  count  greater  than 
150 ,000 An  m3? 


Consider  intensifying  TPE  regimen 
to  twice  daily 


T 


Remission  achieved  when 
then  platelet  count  remains 
normal  for  30  days  after 
discontinuation  of  plasma 
exchange 


Savage  therapies 


Fig.  70.5  Treatment  algorithm  for  thrombotic  thrombo-  (Data  from  George  JN,  NEJM  2006  and  British  Guidelines, 

cytopenic  purpura.  Abbreviations:  TTP  thrombotic  throm-  British  Journal  of  Haematology  2012) 
bocytopenic  purpura,  TPE  therapeutic  plasma  exchange 


delay  in  starting  TPE  [2,  14].  If  the  patient  is  at  an 
institution  where  TPE  is  not  available,  rapid  and 
timely  transfer  to  an  institution  with  experience  per¬ 
forming  TPE  is  essential.  There  should  be  an  ongo¬ 
ing  infusion  of  FFP  before  and  during  transfer. 


Immunosuppressive  Agents 

Expert  consensus  and  various  international 
hematologic  society  guidelines  recommend  high- 
dose  corticosteroid  therapy,  such  as  pulsed 
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Table  70.2  Most  common  causes  for  drug-induced 
thrombotic  microangiopathy  (DITMA) 


Drug  class/uses 

Drug  name 

Antimalarial,  leg  cramps, 
beverages 

Quinine 

Immunosuppressives 

Cyclosporine 

Tacrolimus 

Sirolimus 

Interferon  alpha 

Interferon  beta 

Cancer  therapy 

Gemcitabine 

Bevacizumab 

Mitomycin 

Pentostatin 

Sunitinib 

Antibiotic 

Trimethoprim- 

sulfamethoxazole 

Drugs  of  abuse 

Cocaine 

Ecstasy  (MDMA,  street 
name:  Molly) 

Oxymorphone  extended 
release  (Opana  ER) 

Drugs  known  to  cause  DITMA  are  listed  in  order  of  most 
common  to  less  common  in  each  drug  class/use 
Of  note,  despite  multiple  published  reports,  antiplatelet 
agents  such  as  clopidogrel  and  ticlodipine,  have  not 
been  definitively  proven  to  cause  DITMA  (Data  from 
Reference  [19]) 


methylprednisolone  (1  g/day)  for  3  days  then 
prednisone  taper,  for  all  patients  with  TTP  at  pre¬ 
sentation  to  ensure  a  durable  remission. 
Rituximab  has  been  shown  to  be  safe  and  effec¬ 
tive  in  TTP,  especially  for  refractory  disease  (fail¬ 
ure  of  platelets  to  improve  despite  TPE  and 
corticosteroids),  relapsing  disease  or  if  there  is 
neurological  or  cardiac  complications  on  presen¬ 
tation  [2,  17,  18]. 

Drug-Induced  Thrombotic 
Microangiopathy 

Achieving  and  maintaining  remission  in  TTP  also 
depends  on  the  discontinuation  of  any  identified 
underlying  drugs,  if  found.  For  example,  the  most 
common  drugs  implicated  in  dmg-induced 
thrombotic  microangiopathy  (DITMA)  are  quinine, 
cyclosporine,  and  tacrolimus  as  a  result  of  either 


immune-mediated  or  toxicity-mediated  mechanisms 
[19].  Despite  multiple  published  reports,  there  is  an 
absence  of  high  quality  conclusive  evidence  impli¬ 
cating  thienopyridine  antiplatelet  agents,  such  as 
clopidogrel  and  ticlodipine,  in  DITMA.  Drugs  most 
commonly  associated  with  DITMA  are  listed  in 
Table  70.2,  and  should  be  immediately  discontinued 
in  patients  with  suspect  TTP.  The  precise  incidence 
of  each  of  these  drugs  in  DITMA  is  unknown  [20]. 

Venous  Thromboembolism 
Prophylaxis 

Once  the  platelet  count  is  greater  than  50,000  per 
cubic  milliliter,  British  guidelines  recommend  low- 
molecular  weight  heparin  to  help  reduce  the  risk  of 
developing  venous  thromboembolism  [21].  Platelet 
transfusions  are  contraindicated  unless  necessary 
for  invasive  procedures  to  reduce  bleeding  risk  or  if 
there  is  active  life-threatening  hemorrhage  [2]. 

Evidence  Contour 

Several  aspects  of  the  management  of  patients 
with  TTP  have  weak  evidence  and  require  further 
research  and  validation. 

Prevention  of  Relapses  with  Other 
Immunosuppressive  Agents 

Based  on  limited  low-quality  evidence,  cyclospo¬ 
rine  or  tacrolimus  may  be  considered  a  second-line 
therapy  for  relapsing  TTP.  Other  immunosuppres¬ 
sives,  such  as  vincristine  and  cyclophosphamide, 
with  significant  potential  toxicity  and  unproven 
benefit,  are  not  recommended.  Splenectomy  for 
acute  refractory  and  relapsed  disease  is  associated 
with  favorable  long-term  relapse-free  survival  at  the 
expense  of  high  mortality  [22,  23]. 

Anti-platelet  Agents 

Efficacy  of  aspirin  and  dipyramidole  along 
with  standard  of  care  treatment  (TPE  and 
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corticosteroids)  for  TTP  was  evaluated  in  a  single 
small  randomized  controlled  trial  by  the  Italian 
Co-operative  Group.  They  randomized  72  TTP 
patients  to  TPE  and  corticosteroids  with  or  with¬ 
out  aspirin  and  dipyramidole.  Although  response 
rates  were  no  different  between  the  two  groups, 
there  was  a  non- significant  improvement  in  sur¬ 
vival  in  the  first  15  days  in  the  anti-platelet  group 
(14%  vs.  3%)  without  increased  bleeding  rates 
[24].  The  clinical  effectiveness  of  anti-platelet 
agents  remains  unproven,  but  they  are  relatively 
safe  and  are  reasonable  additions  to  management 
once  platelet  counts  are  greater  than  50  x  1071  [2]. 

Duration  and  Intensity  of  TPE 

Although  TPE  is  continued  until  the  platelet  count 
normalizes  and  then  2  days  thereafter,  the  duration 
of  treatment  to  prevent  relapses  is  unknown  [25]. 
Twice-daily  TPE  could  be  considered  for  resistant 
cases  or  those  with  progressive  neurologic  or  car¬ 
diac  dysfunction  despite  daily  TPE  [2],  but  has 
shown  inconsistent  results  in  studies  [26]. 

Amount  of  FFP 

The  exact  amount  and  frequency  of  FFP  to  be 
administered  is  unknown.  It  is  generally  accepted 
that  if  a  delay  in  the  initiation  of  TPE  is  antici¬ 
pated,  the  equivalent  of  1.5  plasma  volumes  of 
FFP  should  be  infused  daily  (approximately 
30-60  ml/kg/IV)  until  TPE  is  initiated  [14]. 
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Case  Presentation 

A  36  year  old  female  presented  to  the  hospital  with 
tongue  swelling  and  bleeding  after  she  bit  her 
tongue.  Due  to  worsening  swelling  of  her  tongue, 
she  was  emergently  intubated  in  the  emergency 
department  and  transferred  to  the  ICU  for  further 
management  of  her  airway.  Her  recent  history  was 
significant  for  fatigue,  menorrhagia,  multiple 
“colds”  and  sore  throats,  and  recurrent  infections 
of  her  umbilical  piercing.  On  exam  she  was  noted 
to  have  shotty  cervical  lymphadenopathy  and  a 
swollen  tongue  without  evidence  of  lip  swelling. 
There  was  evidence  of  cellulitis  around  her  umbil¬ 
ical  piercing,  which  was  subsequently  removed. 
CT  neck  demonstrated  no  abscess  of  the  posterior 
oropharynx  but  was  limited  in  ability  to  evaluate 
the  tongue  due  to  the  presence  of  the  endotracheal 
tube.  Initial  laboratory  work  showed  a  pancytope¬ 
nia  with  a  white  blood  cell  count  of  4.0  x  103/pL, 
hemoglobin  7.5  g/dl,  and  platelets  116x107 
pL.  Her  peripheral  smear  showed  evidence  of 
“rare”  blasts.  Her  coagulation  derangements 
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consisted  of  a  prolonged  prothrombin  time  (PT)  of 
16.1  s,  INR  of  1.32,  partial  thromboplastin  time 
(PTT)  of  36.5  s.  Her  D-dimer  was  greater  than  the 
upper  level  of  detection  at  500  pg/dL.  Fibrin  split 
products  were  >20  pg/dL,  and  her  Fibrinogen  was 
344  mg/dL.  Because  of  the  patient’s  pancytopenia, 
a  bone  marrow  biopsy  was  obtained  and  showed  a 
hypercellular  marrow  with  markedly  increased 
blasts,  accounting  for  95%  of  the  total  cells. 
Chromosomal  analysis  demonstrated  t(15;  17) 
rearrangement. 

Question  What  is  the  diagnosis? 

Answer  DIC  in  the  setting  of  Acute 
Promyelocytic  Leukemia  (APML  or  AML  M3) 

Acute  Promyelocytic  leukemia  (APML)  is  a 
form  of  acute  myelocytic  leukemia  (AML),  com¬ 
prising  approximately  10%  of  AMLs  diagnosed. 
APML  is  specifically  characterized  by  a  recipro¬ 
cal  translocation  between  the  retinoic  acid 
receptor- alpha  (RAR-a)  gene  on  chromosome  17 
and  the  PML  gene  on  chromosome  15.  This  rear¬ 
rangement  is  known  as  t(15;17).  APML  often 
acutely  presents  clinically  with  extensive  bleed¬ 
ing  diathesis  requiring  ICU  admission  at  the  time 
of  diagnosis  [1].  Up  to  15  %  of  APMLs  will  pres¬ 
ent  with  DIC.  This  can  be  due  to  the  disease  itself 
or  the  effect  of  undergoing  induction  chemother¬ 
apy  [2,  3]. 

In  the  setting  of  acute  APML,  the  extensive 
bleeding  characteristics  are  due  to  hyper 
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fibrinolysis  driven  primarily  by  fibrinolytics 
such  as  u-PA,  t-PA,  as  well  as  protease  elastase 
and  chemotrypsin  [4,  5]  which  are  found  in  high 
levels  in  leukemic  blast  cells  [4,  5].  The  over 
production  of  these  fibrinolytics  in  the  setting  of 
profound  thrombocytopenia  due  to  bone  mar¬ 
row  dysfunction  yield  the  profound  bleeding 
disorder  [1]. 

DIC  is  also  closely  associated  with  the  induc¬ 
tion  therapy  in  APML.  Treatment  of  APML  con¬ 
sists  primarily  of  use  of  AW-trans-vtimoic  acid 
(ATRA).  ATRA  promotes  differentiation  of  leu¬ 
kemic  blasts.  This  process  can  transiently  worsen 
DIC  by  consumption  of  pro-coagulation  factors, 
namely  Tissue  Factor  (TF)  and  Cancer 
Procoagulant  (CP)  [6,  7].  However,  within 
approximately  48  h,  as  the  leukemic  blast  burden 
improves  so  do  the  markers  of  DIC. 

Principles  of  Management 

Confirm  the  Diagnosis  of  AML 

AML  is  a  group  of  hematopoietic  neoplasms 
arising  from  the  precursors  of  the  myeloid  cell 
lines.  AML  is  the  most  common  cause  of  acute 
leukemia  in  adults,  with  approximately  20,000 
cases  annually  and  10,000  deaths  [8].  AML  is 
classified  based  on  specific  genetic  abnormalities 
(as  in  this  case),  or  if  it  does  not  fit  a  specific 
genetic  abnormality,  by  cell  morphology. 

Clinical  features  of  AML  are  primary  related 
to  pancytopenia  and  high  cellular  turnover  in  pro¬ 
liferating  leukemia  cells.  These  include  fatigue, 
weakness  and  pallor  due  to  anemia,  fever  due  to 
immune  dysregulation  and  subsequent  infection, 
infiltrative  skin  lesions  (leukemia  cutis),  acute 
neutrophilic  dematosis  (Sweet  syndrome)  and 
petechiae  and  fundal  hemorrhages  due  to  throm¬ 
bocytopenia  or,  as  in  the  above  case, 
DIC.  Additionally  patients  may  present  with 
tumor  lysis  syndrome,  characterized  by  hypocal¬ 
cemia,  hyperuricemia,  hypokalemia  and/or 
hyperphosphatemia.  Circulating  leukemic  blast 
cells  are  frequently  found  on  peripheral  smear. 

Confirmation  of  the  diagnosis  of  AML  is 
made  by  bone  marrow  aspiration  or  bone  marrow 
biopsy,  particularly  when  aspiration  fails  to  yield 


the  diagnosis.  The  diagnosis  requires  documenta¬ 
tion  of  bone  marrow  infiltration  and  the  myeloid 
origin  of  the  cells,  with  the  exception  of  genetic 
abnormalities  specific  to  AML  such  as  the 
t(15;  17)  in  this  case. 

Make  the  Correct  Diagnosis  of  DIC 

Differential  Diagnosis  of  DIC 

The  first  step  to  treatment  of  DIC  in  the  ICU  is 
correct  diagnosis.  The  differential  diagnosis  of 
DIC  often  revolves  around  discovery  of  new 
thrombocytopenia.  The  differential  diagnosis  of 
acute  thrombocytopenia  in  the  ICU  is  extensive 
and  includes  a  multitude  of  commonly  seen  dis¬ 
orders  in  the  ICU. 


Common  Causes  of  Thrombocytopenia  in 
the  ICU 

Sepsis  Induced  Destruction 
Sepsis  Induced  Sequestration 
Sepsis  Induced  Bone  Marrow  Suppression 
via  Bacterial  Toxins 
Pseudothrombocytopenia 
Hemodilution 

Acute  and  Chronic  Liver  Diseases 
Drug  Induced  Thrombocytopenias 
Disseminated  Intravascular  coagulation 
Heparin  Induced  Thrombocytopenia 
Thrombotic  Thrombocytopenic  Purpura/ 
Hemolytic  Uremic  Syndroem 
HELLP  syndrome  (hemolysis,  elevated 
liver  test,  and  low  platelets) 

Acute  Hemorrhage 
Surgical  Losses 


Laboratory  Profile  of  DIC 

The  diagnosis  of  DIC  is  a  clinical  one  made  based 
on  the  coagulation  parameters  in  the  appropriate 
patient  with  the  appropriate  clinical  situation.  In  a 
critically  ill  patient  with  thrombocytopenia,  the 
classic  coagulation  profile  of  DIC  consists  of: 

1.  a  prolonged  prothrombin  time  (PT), 

2.  a  prolonged  partial  thromboplastin  time  (PTT), 
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3.  a  decreased  fibrinogen  levels,  and 

4.  an  elevated  D-dimer  or  fibrin  degradation 
products. 

DIC  can  present  in  a  fulminant  manner  with 
dramatic  derangements  of  the  above  parameters. 
It’s  also  noted  in  the  ICU  in  a  much  more  subtle 
sub-acute  smoldering  manner  which  is  why  clini¬ 
cal  suspicion  is  an  important  aspect  in  the  recog¬ 
nition  of  DIC  in  the  ICU. 


regiment  may  be  used.  For  example,  ATRA  can 
be  combined  with  cytarabine  and  daunorubicin 
or  with  arsenic  trioxide  for  therapy  of  APML. 

Supportive  care  during  chemotherapy  is  aimed 
at  treating  side  effects  of  the  specific  regimens, 
electrolyte  management,  and  hydration  for  tumor 
lysis  syndrome  (with  additional  treatment  as 
needed),  infection  prophylaxis,  and  treatment  of 
infections  as  a  result  of  the  immunosuppression 
induced  by  chemotherapy. 


Treat  the  Underlying  Disease 

The  first  and  most  important  step  in  the  clinical 
treatment  of  DIC  is  the  treatment  of  the  underly¬ 
ing  cause.  Correction  of  the  underlying  pathology 
will  in  turn  correct  the  clotting  derangements. 

Common  Causes  of  DIC  in  the  ICU* 

Infection 

Malignancy 

Fulminant  Liver  Disease 
Trauma  and  Burns" 

Obstetric  Complications 
Vasculitides 

Catastrophic  Antiphospholipid  Antibody 
Syndrome 
Fat  Embolism 
Drugs 

Viper  Envenomation 
Extra-corporal  Circulation 
Hemolytic  transfusion  reactions 
*Some  experts  consider  some  of  these 
causes  to  be  separate  coagulopathies 

The  treatment  of  AML  varies  based  on  a  variety 
of  factors  including  cytogenetics,  age,  occur¬ 
rence  in  the  course  of  therapy  with  cytotoxic 
agents  for  other  conditions,  and  relapse  or  resis¬ 
tant  AML.  The  most  common  regimens  are  the 
“7  +  3”  regimens  which  consist  of  7  days  of  a 
continuous  infusion  of  standard  dose  cytarabine 
with  dosing  of  a  anthracy cline,  such  as  daunoru¬ 
bicin  on  days  1-3. 

Depending  on  other  factors,  other  drugs  may 
be  added  to  the  above  regimen  or  alternative 


Supportive  Care/Blood  Product 
Transfusion  for  DIC 

Once  the  underlying  disease  has  been  identified 
and  treatment  is  directed  toward  the  inciting  event, 
the  patient  can  then  be  supported  with  blood  prod¬ 
ucts  as  dictated  by  the  laboratory  abnormalities 
and  clinic  situations.  No  data  exists  determining 
appropriate  transfusion  thresholds,  but  common 
guidelines  are  usually  followed.  Fresh  frozen 
plasma  (FFP)  and  platelet  transfusions  should  be 
reserved  for  those  patients  with  active  clinical 
bleeding  or  undergoing  invasive  procedures  [9, 
10].  Cryoprecipitate  should  be  used  to  replace 
fibrinogen  when  the  fibrinogen  level  has  dropped 
below  100  g/dL.  Transfusion  of  prothrombin  com¬ 
plexes  are  not  recommended  as  they  can  contain 
small  amounts  of  activated  complexes  that  can,  in 
turn,  worsen  the  clinical  coagulopathy  [9]. 

Evidence  Contour 

Several  adjunctive  therapies  have  been  explored 
in  the  treatment  of  DIC,  but  their  use  remain  con¬ 
troversial.  These  include  heparin,  anti-thrombin 
III,  and  recombinant  factor  Vila. 

Heparin 

Empiric  therapeutic  doses  of  heparin  is  not  rec¬ 
ommended  in  DIC  despite  the  fact  that  DIC  is 
thought  to  be  characterized  by  activation  of  the 
coagulation  system.  Therapeutic  doses  of  heparin 
should  only  be  considered  in  cases  of  DIC  where 
thrombosis  is  diagnosed.  However,  some  data  do 
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suggest  that  continuing  low  dose  heparin  in  the 
setting  of  DIC  is  beneficial.  In  the  severe  sepsis 
population,  several  small  studies  do,  in  fact,  show 
improved  outcomes  in  patients  on  low  dose  hepa¬ 
rin  despite  the  presence  of  abnormal  coagulation 
parameters  [11]. 

Anti-thrombin  III 

A  large  randomized  control  trial  was  published  in 
JAMA  investigating  the  role  of  Anti-thrombin  III 
in  the  setting  of  severe  sepsis  with  thrombocyto¬ 
penia  between  30  xl03/pL  and  100  xlO3/ 
pL.  Approximately  2000  patients  were  enrolled. 
There  was  no  difference  in  28-day  mortality 
between  the  two  groups,  which  was  the  primary 
outcome  [12]. 


Recombinant  Factor  Vila 

Widespread  use  of  recombinant  factor  Vila  is  not 
recommended  in  the  setting  of  DIC,  however  1 
case  report  and  a  small  case  series  have  been  pub¬ 
lished  describing  its  use  in  the  setting  of  active 
clinical  bleeding  refractory  to  conservative  sup¬ 
portive  measures.  One  case  report  notes  the  use 
of  recombinant  factor  Vila  in  a  patient  with 
APML  with  development  of  DIC  in  the  setting  of 
differentiation  syndrome  with  treatment  of 
ATRA.  The  patient  had  evidence  of  hemorrhagic 
shock  after  an  iatrogenic  puncture  of  the  femoral 
artery.  The  patient  received  two  doses  of  rFVIIa 
with  improvement  in  clinical  bleeding  and  hemo¬ 
dynamic  parameters  [13].  A  second  small  case 
series  reported  as  a  letter  to  the  editor  noted 
improvement  in  the  respiratory  status  in  seven 
patients  with  APML  with  differentiation  syn¬ 
drome  and  diffuse  alveolar  hemorrhage  [14]. 
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Case  Presentation 

A  64-year  old  woman  with  a  history  of  non- small 
cell  lung  cancer,  Type  2  diabetes,  and  hyperten¬ 
sion  presented  to  the  emergency  department  with 
altered  mental  status  and  flank  pain.  In  the  emer¬ 
gency  department,  her  initial  blood  pressure  was 
83/44  mmHg,  with  a  pulse  of  1 10  beats  per  min¬ 
ute.  On  physical  examination,  she  was  somnolent 
but  arousable.  She  had  a  fine  petechial  rash  on 
both  lower  extremities  and  bleeding  from  her 
peripheral  IV  sites.  Laboratory  testing  results 
included:  white  blood  cell  count  of  3,100/pl,  cre¬ 
atinine  of  2.5  mg/dl  (her  baseline  being  1.0), 
International  Normalized  Ratio  (INR)  of  3.1, 
Partial  Thromboplastin  Time  of  50  s,  and  platelet 
count  of  33,000  cells/pl.  The  urine  microscopy 
revealed  20-50  WB C/high-powered  field;  the 
urine  culture  is  growing  100,000  colony-forming 
units  of  a  gram  negative  bacillus.  A  computerized 
tomography  (CT)  scan  of  the  abdomen  and  pelvis 
revealed  left  hydronephrosis,  hydroureter,  and 
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perinephric  stranding.  A  slide  of  the  patient’s 
peripheral  blood  smear  is  shown  in  the  Fig.  72.1. 

Question  What  is  the  diagnosis? 

Answer  Disseminated  Intravascular  Coagulation 
(DIC) 

Disseminated  Intravascular  Coagulation  (DIC) 
is  a  microangiopathic  hemolytic  anemia  (MAHA) 
characterized  by  endothelial  dysfunction,  hemo¬ 
lysis,  platelet  aggregation,  fibrin  clot  formation, 
and  degradation.  After  clotting  factors  and  plate¬ 
lets  become  depleted,  bleeding  may  occur  [1]. 
Because  of  this  simultaneous  thrombosis  and 
bleeding,  DIC  is  sometimes  referred  to  as  a  “con¬ 
sumptive  coagulopathy.”  The  underlying  patho¬ 
physiology  is  generally  initiated  by  endothelial  or 
other  cell  injury,  releasing  thromboplastic  factors 
which  propagate  the  extrinsic  coagulation  path¬ 
way.  This  leads  to  overproduction  of  thrombin 
and  systemic  fibrin,  and  platelet  activation,  lead¬ 
ing  to  systemic  thrombosis.  The  simultaneous 
release  of  tissue  plasminogen  activator  results  in 
fibrin  degradation,  contributing  to  the  bleeding 
diathesis  [2].  Depending  on  the  underlying  etiol¬ 
ogy,  the  onset  can  be  variable  ranging  from 
chronic  to  fulminant.  Clinical  manifestations  of 
MAHAs  include  thrombocytopenia,  altered  men¬ 
tal  status,  bleeding,  myocardial  infarction,  hemor¬ 
rhagic/ischemic  stroke,  renal  failure,  bowel  and 
limb  ischemia,  skin  necrosis  and  purpura  fulmi- 
nans  (discussed  below).  The  differential  diagnosis 
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includes  other  MAHAs  (hemolytic  uremic  syn¬ 
drome  and  thrombotic  thrombocytopenic  pur¬ 
pura),  as  well  as  idiopathic  thrombocytopenic 
purpura,  end-stage  liver  disease,  and  heparin- 
induced  thrombocytopenia  (HIT).  The  most  com¬ 
mon  underlying  etiologies  for  DIC  are  sepsis, 
trauma,  both  hematologic  and  solid  malignancies, 
ABO  blood  mismatch,  obstetrical  emergencies, 
and  medications  (particularly  chemotherapeutic 
agents).  Identification  of  a  precipitating  event  is 
critical  for  diagnosis  and  treatment. 


Causes  of  DIC 

Sepsis 

Trauma 

Hematologic  and  Solid  malignancies 
ABO  blood  mismatch 
Obstetrical  emergencies 
Medications  (particularly  chemotherapeutic 
agents) 

Envenomation 


Principles  of  Management 
Diagnosis 

The  evaluation  of  DIC  generally  includes  labora¬ 
tory  investigation  of  the  INR,  PTT,  platelet  count, 
fibrinogen  level,  D-dimer  and  peripheral  blood 
smear.  The  distinguishing  characteristics  of  DIC 
are  the  elevation  in  both  the  PT  and  PTT,  with 
simultaneous  reduction  of  fibrinogen  and  platelet 
counts  [3].  Although  no  single  laboratory  parame¬ 
ter  is  specific  for  DIC,  this  constellation  in  the 
proper  setting  is  highly  suggestive.  Severe  derange¬ 
ments  in  only  one  or  two  of  these  values  may  sug¬ 
gest  an  alternative  diagnosis.  ITP  and  HIT  do  not 
have  associated  elevation  in  INR  or  PTT,  while 
TTP  and  HUS  may  sometimes  cause  elevations. 
DIC  and  TTP  can  have  overlapping  laboratory  fea¬ 
tures  such  as  elevated  LDH,  schistocytes  and  low 
ADAMTS-13  levels.  ADAMTS-13  is  a  metallo¬ 
proteinase  which  cleaves  von  Willebrand  factor 
and  promotes  clotting.  In  DIC,  levels  can  be  <30  % 
of  normal  while  in  TTP  these  are  generally  <5  %  of 


Fig.  72.1  Peripheral  Smear  of  DIC 


normal  [4].  Liver  dysfunction  may  also  confound 
the  diagnosis  of  DIC,  given  the  constellation  of 
deranged  PT/PTT,  fibrinogen,  and  thrombocytope¬ 
nia.  Factor  VIII  levels  may  be  low  in  DIC  but  nor¬ 
mal  in  isolated  liver  dysfunction.  These  laboratory 
values  are  summarized  in  Table  72.1.  Ultimately, 
DIC  is  a  clinical  diagnosis  incorporating  history  of 
a  causative  etiology  and  characteristic  laboratory 
derangements. 


Treatment  of  the  Underlying  Disorder 

The  mainstay  of  therapy  for  DIC  remains  treat¬ 
ment  of  the  underlying  disorder.  Patients  with 
sepsis  should  be  treated  with  early  antibiotics  and 
fluid  resuscitation  [5].  When  malignancy  is  the 
underlying  cause,  chemotherapy,  surgical  resec¬ 
tion,  and/or  radiation  should  be  pursued  to  treat 
the  underlying  tumor  to  remove  the  driving  pro¬ 
cess.  In  these  cases,  DIC  may  worsen  as  tumor 
cells  are  destroyed  and  leak  cytoplasmic  contents 
into  the  circulation.  Care  should  be  given  to 
obstetrical  patients  to  avoid  placental  damage. 


Management  of  Acute  Coagulopathy 
in  Hemorrhaging  Patients 

Current  guidelines  caution  against  blood  product 
administration  in  DIC  patients  who  are  not 
bleeding.  In  these  non-bleeding  patients,  A  ABB 
guidelines  recommend  a  red  cell  transfusion 
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threshold  of  <7  g/dL  [6],  platelet  counts  of 
<10xl09  cells/L  [7],  and  against  fresh  frozen 
plasma  (FFP)  administration  unless  the  patient  is 
going  for  surgery  or  otherwise  being  massively 
transfused  [8].  In  hemorrhaging  patients,  plate¬ 
lets  should  be  transfused  if  the  count  is  below 
50,000/dL.  If  the  PTT  or  INR  is  elevated  beyond 
1.5,  and  bleeding  is  present,  FFP  may  be  given 
[8],  though  FFP  administration  may  be  of  little 
benefit  if  the  INR  <1.85  [9].  If  the  fibrinogen 
level  is  <100  g/dL  [10]  in  the  setting  of  hemor¬ 
rhage,  cryoprecipitate  should  be  given. 

Thrombotic  Predominant  DIC 
and  Purpura  Fulminans 

Perhaps  the  most  devastating  manifestation  of 
DIC  is  widespread  micro-  and  macro-thrombosis 
leading  to  a  diffuse  livedo  rash  known  as  purpura 
fulminans  (Fig.  72.2).  Additional  manifestations 
include  bowel  ischemia,  limb  necrosis,  stroke 
and  myocardial  infarction.  Predominantly  seen  in 
children  and  infants,  this  phenomenon  can  also 
occur  in  adults,  often  secondary  to  Neisseria 


meningitidis ,  Staphylococcal  or  Streptococcal 
infections.  Its  pathophysiology  likely  multifacto¬ 
rial,  potentially  involving  acquired  deficiencies 
in  protein  C  antithrombin  III  (ATIII),  and  endo¬ 
thelial  cell  infection  [11].  Treatment  for  these 
patients  remains  poorly  studied.  The  use  of  hepa¬ 
rin  to  treat  and  prevent  propagation  of  thrombosis 
is  the  mainstay  of  treatment;  however,  this  is 
based  on  low  quality  data  [12]. 


Evidence  Contour 

DIC’s  complex  pathophysiology,  with  both 
bleeding  and  thrombosis,  has  made  the  establish¬ 
ment  of  a  single,  effective  therapy  elusive. 

Heparin  Therapy 

Routine  heparin  therapy  for  all  sepsis-related 
DIC  has  been  proposed.  A  randomized  con¬ 
trolled  trial  in  healthy  volunteers  of  unfraction¬ 
ated  heparin  (UFH)  or  low-molecular  weight 
heparin  (LMWH)  versus  placebo,  found  less 


Fig.  72.2  Example  of  skin  lesions  of  purpura  fulminans.  (a)  peripheral  microembolization  with  inflammatory  reaction; 
(b)  peripheral  microembolization  with  inflammatory  reaction  (From  [21].  Reprinted  with  permission) 
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activation  of  the  coagulation  cascade  after 
endotoxin  administration  measured  by  levels 
of  prothrombin  fragments  and  polymerized 
soluble  fibrin  [13].  A  recent,  small,  random¬ 
ized  controlled  trial  (n=37)  in  patients  with 
sepsis  and  early  DIC  suggested  that  low  dose 
UFH  administration  may  leads  to  a  shorter  ICU 
stay,  less  risk  of  DIC  and  organ  dysfunction 
with  an  non-significant  reduction  in  mortality 
at  28  days  compared  to  placebo  [14].  A  recent 
meta-analysis  of  nine  studies  evaluating 
patients  with  severe  sepsis  and  DIC  found  a 
non-significant  trend  towards  reduced  mortal¬ 
ity  in  patients  receiving  UFH,  LWMH  or  dalte- 
parin  compared  with  placebo  [15].  Given  these 
small  trials,  the  routine  use  of  therapeutic  anti¬ 
coagulation  with  heparin  for  all  patients  with 
DIC  is  not  considered  the  standard  of  care.  As 
discussed  above,  patients  with  thrombotic-pre- 
dominant  DIC  should  receive  anticoagulation. 
The  use  of  prophylactic  heparin  is  recom¬ 
mended  for  all  DIC  patients  in  the  absence  of 
contraindications  [10]. 

Thrombomodulin-a 

Thrombomodulin-a  is  an  endothelial  protein  that 
binds  to  thrombin  and  then  activates  protein  C 
which,  in  turn,  inactivates  factors  Villa  and  Va. 
This  therapy  is  designed  to  halt  the  coagulation 
cascade  by  upstream  activation  of  protein  C. 
Uncontrolled  prospective  single  arm  trials  have 
been  promising  in  the  setting  of  hematologic 
malignancy  and  sepsis  [16,  17].  A  large  multi¬ 
center  phase  2b  randomized  controlled  trial  of 
thrombomodulin-a  versus  placebo  resulted  in  a 
non-significant  trend  reduction  in  case  fatality  in 
the  treatment  group,  in  patients  with  sepsis 
related  DIC  [18].  This  drug  is  presently  unavail¬ 
able  in  the  US  and  further  study  is  needed  before 
recommending  for  or  against  its  use. 

Antithrombin  III  (ATIII) 

ATIII  functions  in  the  coagulation  cascade  by 
inactivating  thrombin.  This  halts  propagation 
of  the  coagulation  cascade  and  blocks  con¬ 


sumptive  coagulopathy,  though  increasing  the 
potential  risk  of  bleeding.  ATIII  supplementa¬ 
tion  has  been  studied  for  use  in  sepsis  with 
variable  success.  A  meta-analysis  of  patients 
with  DIC  and  sepsis  noted  a  significant  com¬ 
bined  reduction  in  mortality  with  use  of  ATIII 
versus  placebo  [19].  A  small,  multicenter  ran¬ 
domized  controlled  trial  found  that  use  of  ATIII 
in  patients  with  DIC  from  sepsis  achieved 
lower  DIC  scores  and  higher  platelet  levels 
after  3  days  but  without  change  in  28-day  mor¬ 
tality  [20],  though  this  study  was  not  powered 
to  detect  a  significant  mortality  difference.  The 
Surviving  Sepsis  Guidelines  recommend 
against  use  of  ATIII  in  sepsis,  and  insufficient 
data  exist  to  recommend  this  therapy  for  DIC 
at  present. 
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Case  Presentation 

A  57  year  old  man  with  history  of  idiopathic  pan¬ 
niculitis  on  long-term  steroid  treatment  presented 
tothe  hospital  with  a  1  month  history  of  dyspnea, 
malaise,  nausea  and  vomiting.  He  was  hypoten¬ 
sive  and  tachy cardie  with  an  acute  kidney  injury. 
Prior  to  this  presentation,  he  had  been  hospital¬ 
ized  for  2  weeks  at  a  nearby  hospital  with  similar 
symptoms  and  had  been  found  to  have  multifocal 
ground  glass  opacities  on  CT  of  the  chest.  His 
condition  after  admission  improved  with  fluid 
resuscitation,  stress-dose  steroids,  and  treatment 
for  presumed  sepsis.  Infectious  and  rheumato- 
logic  workups  were  negative.  He  was  noted  to 
have  bilateral  pulmonary  infiltrates  (Fig.  73.1a, 
b).  One  week  after  discharge,  however,  he  pre¬ 
sented  again  with  systemic  inflammatory 
response  syndrome  (SIRS).  A  bronchoscopy  was 
performed  which  revealed  only  acute  and  chronic 
organizing  pneumonia,  with  no  evidence  of 
infection.  A  bone  marrow  biopsy  was  performed, 
which  demonstrated  a  hypercellular  marrow. 
Pulse  dose  steroids  were  initiated  for  organizing 
pneumonia  and  he  improved  significantly  over 
the  next  week  with  continuation  of  empiric  anti¬ 
microbials  and  tapering  of  steroids.  After  one 
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week  of  this  regimen,  however,  he  again  decom¬ 
pensated  with  hypoxia  and  hypotension. 
Worsening  infiltrates  were  noted  on  his  chest 
radiograph  (Fig.  73.1c).  Ferritin  was  elevated  at 
7652  ng/mL,  and  sIL-2R  was  elevated  at  3432  U/ 
mL.  Trigylcerides  were  normal  and  fibrinogen 
was  elevated.  Given  his  unremarkable  bone  mar¬ 
row  biopsy  7  days  before  and  elevated  fibrino¬ 
gen,  the  possibility  of  hemophagocytic 
lymphohistiocytosis  (HLH)  was  dismissed  as  his 
hyperferritinemia  and  elevated  sIL-2R  were 
attributed  to  history  of  blood  transfusion  and 
occult  infection.  He  continued  to  improve  with 
empiric  antimicrobials  and  steroids,  and  was  dis¬ 
charged  from  the  hospital  5  days  after  admission 
to  the  ICU  to  complete  a  course  of  levofloxacin 
on  40  mg  of  prednisone  daily  (Fig.  73.  Id). 

He  presented  to  the  hospital  for  the  third  time 
2  days  after  discharge  with  hypotension  and 
hypoxia  requiring  endotracheal  intubation  and 
vasopressors,  and  antibiotics  and  steroids  were 
restarted.  He  was  admitted  to  the  ICU  and  his 
pulmonary  status  rapidly  improved.  After  3 
days,  however,  he  again  decompensated  with 
hypotension  and  an  elevated  lactate.  He  received 
intravenous  fluids  and  intravenous  steroids. 
Given  the  unclear  association  between  changes 
in  his  antimicrobial  regimen,  steroid  dosing,  and 
clinical  condition,  his  steroid  dose  was  decreased 
from  40  mg  prednisone  daily  by  10  mg  each  day. 
A  repeat  bone  marrow  biopsy  was  performed, 
which  showed  rare  hemophagocytic  macrophages 
but  no  evidence  of  malignancy.  The  next  day,  in 
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Fig.  73.1  Chest  radiograph  on  admission  (a)  demon¬ 
strated  bilateral  infiltrates,  which  corresponded  to  bilat¬ 
eral  ground  glass  opacities  and  interstitial  thickening  on  a 
CT  performed  the  same  day  (b).  After  1  month,  pulmo- 

the  setting  of  reducing  his  steroid  dose,  he  again 
had  an  episode  of  hypoxia  and  hypotension. 
Ferritin  was  measured  at  that  time  and  was  9148 
ng/mL,  increased  from  4074  ng/mL  the  day 
before  (Fig.  73.2).  sIL2-R  was  measured  and 
was  elevated  at  3494  U/mL.  A  diagnosis  of  HLH 
was  made,  and  he  was  started  on  chemotherapy 
with  etoposide  and  high  dose  dexamethasone. 
Eight  weeks  had  elapsed  since  his  initial 
presentation. 


nary  infiltrates  were  consistently  more  severe,  despite 
multiple  courses  of  antibiotics  and  diuresis  (c).  After 
treatment  with  etoposide  and  dexamethasone,  infiltrates 
resolved  by  the  time  of  discharge  (d) 

Question  How  is  hemophagocytic  lymphohis- 
tiocytosis  treated? 

Answer  The  patient  was  initiated  on  etoposide  and 
dexamethasone  without  cyclosporine  per  the  HLH- 
94  protocol.  He  rapidly  improved  and  was  moved  to 
the  hematology/oncology  ward.  His  course  was 
complicated  by  recurrent  fevers  and  rising  ferritin 
with  the  addition  of  filgrastim  to  his  regimen  after  3 
weeks  of  therapy.  This  was  discontinued  and  he 
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Fig.  73.2  Degree  of  hyperferritinemia  varied  signifi¬ 
cantly  over  the  patient’s  hospital  course,  with  marked 
elevations  at  the  time  of  diagnosis  (arrow)  and  relapse  of 

HLH 

improved  uniformly  from  then  on.  After  1  month  he 
was  transferred  to  the  physical  medicine  service  for 
rehabilitation,  and  was  subsequently  discharged  to 
home.  He  continued  to  do  well  2  months  after  his 
diagnosis,  and  was  preparing  for  allogeneic  bone 
marrow  transplant  at  that  time. 

HLH  is  a  group  of  disorders  characterized  by 
aberrant  immune  activation  leading  to  uncon¬ 
trolled  inflammation  and,  in  many  cases,  critical 
illness.  The  underlying  causes  of  HLH  have  been 
divided  into  primary  causes,  which  encompass 
genetic  defects  in  immune  system  regulation  and 
often  present  in  the  neonatal  period  or  early 
childhood,  and  secondary  causes,  which  may  be 
related  to  autoimmune  disease,  viral  infection,  or 
malignancy  [1,  2].  However,  there  is  growing 
appreciation  that  many  adolescent  and  adult 
patients  develop  HLH  due  to  the  interaction  of  an 
underlying  genetic  defect  with  an  environmental 
trigger,  such  as  viral  infection  with  Epstein-Barr 
virus  or  cytomegalovirus  [3]. 

Presentation 

In  adults,  HLH  often  presents  with  dramatic,  but 
nonspecific,  features  of  including  fever,  organo¬ 
megaly,  cytopenias,  kidney  injury,  disseminated 
intravascular  coagulation  and  altered  mental  status 


[4,  5].  As  illustrated  in  the  case  above,  in  our  expe¬ 
rience  rapid  fluctuating  hemodynamic  instability 
and  hypoxic  respiratory  failure  are  also  common 
features  resulting  from  the  abnormal  inflammatory 
response.  These  presenting  symptoms  and  labora¬ 
tory  findings  overlap  significantly  with  severe  sep¬ 
sis.  It  is  not  uncommon  for  adult  patients  with 
HLH  to  have  recently  been  hospitalized  for  pre¬ 
sumed  sepsis,  and  HLH  is  entertained  as  a  diagno¬ 
sis  after  one  or  more  unexplained  relapses.  The 
most  important  step  in  recognizing  HLH  in  the 
critically  ill  patient,  therefore,  is  to  consider  it  in 
the  differential  diagnosis  alongside  more  common 
causes  of  shock  and  respiratory  failure. 

Diagnosis 

While  primary  HLH  is  a  genetic  disorder  and 
may  be  diagnosed  by  molecular  testing  with  a 
suggestive  family  history  and  clinical  presenta¬ 
tion,  secondary  HLH  is  a  clinical  syndrome  with 
diverse  causes.  Diagnostic  criteria  for  HLH  are 
currently  based  on  the  selection  criteria  for  the 
HLH-2004  trial,  which  enrolled  pediatric  patients 
(Table  73.1,  [6]). 

The  presence  of  fever,  organomegaly,  cytope- 
nia,  and  hypertriglyceridemia  or  hypofibrinogen- 
emia,  while  nonspecific,  is  widely  accepted  as 
helpful  criteria  in  defining  the  syndrome.  The 
presence  of  hemophagocytosis,  despite  lending 
HLH  its  name,  is  also  nonspecific  [7].  The  search 
for  appropriate  biomarkers,  then,  remains  an  area 
of  active  and  important  investigation,  as  detailed 
below.  In  practice,  the  most  critical  information 
leading  to  the  diagnosis  of  HLH  is  often  derived 
from  following  the  patient  over  several  days, 
observing  the  response,  or  lack  thereof,  to  treat¬ 
ment  for  sepsis  or  other  common  conditions,  and 
the  relationship  of  biomarkers  to  the  patient’s 
evolving  clinical  condition. 

Treatment 

The  largest  trial  of  HLH  treatment  are  the  HLH-94 
and  HLH-2004  trials,  which  investigated  the  treat¬ 
ment  of  HLH  with  etoposide,  dexamethasone,  and 
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Table  73.1  Diagnostic  criteria  for  HLH  derived  from  the 
HLH-2004  study 

The  diagnosis  of  HLH  may  be  established  by 

A.  Molecular  diagnosis  consistent  with  HLH 

Or 

B.  Five  of  the  8  criteria  listed  below: 

1.  Fever >3 8.5  C 

2.  Splenomegaly 

3.  Cytopenias  affecting  2  of  3  lineages  in  peripheral 
blood  (RBC,  platelets,  or  neutrophils) 

4.  Hypertriglyceridemia  or  hypohbrinogenemia 

5.  Hemophagocytosis  in  biopsy  of  the  bone  marrow, 
spleen,  or  liver 

6.  Low  or  absent  NK  cell  activity 

7.  Hyperferritinemia 

8.  Elevated  sCD25  (soluble  IL-2  receptor) 

Data  from  Jordan  et  al.  [2] 

cyclosporine  in  children  and  adolescents  [6,  8]. 
Etoposide  and  dexamethasone  have  become  the 
mainstay  of  treatment  in  adult  patients  with 
HLH.  Early  consultation  with  a  hematologist  and 
center  experienced  in  the  treatment  of  HLH  is  crit¬ 
ical,  both  because  immunomodulatory  therapy  for 
HLH  is  an  area  of  active  investigation,  and  because 
bone  marrow  transplantation  is  considered  the 
curative  therapy  for  patient  with  a  known  or  sus¬ 
pected  genetic  cause  of  HLH. 

Early  therapies  for  HLH  may  be  limited  by 
end-organ  damage  present  at  the  time  of  diagno¬ 
sis,  especially  liver  and  kidney  injury.  As  high¬ 
lighted  in  the  case  presented  here,  treatment  with 
high  dose  steroids  may  provide  adequate  tempo¬ 
rizing  therapy,  allowing  the  patient  to  stabilize 
and  ultimately  receive  definitive  therapy. 

Evidence  Contour 
Prognosis 

As  the  case  above  highlights,  adult  patients  in  the 
ICU  are  often  diagnosed  with  HLH  after  several 
episodes  of  apparent  improvement  followed  by 
worsening,  with  periods  of  critical  illness. 

There  are  no  randomized  controlled  trials  of 
HLH  treatment.  The  most  comprehensively,  lon¬ 
gitudinally  studied  cohort  of  patients  with  HLH 


was  enrolled  in  the  HLH- 1994  study,  which 
exclusively  studied  children  under  age  16  [9].  In 
this  cohort,  cumulative  5  year  mortality  was 
46%,  with  25%  mortality  within  8  weeks  of 
diagnosis.  Survival  was  66%  among  those 
patients  who  underwent  HSCT.  HLH  in  adults  is 
far  more  likely  to  be  secondary  than  HLH  in  the 
pediatric  population,  though  late  presentations  of 
primary  HLH  are  possible  [3].  While  survival  to 
discharge  in  many  adult  cohorts  mirrors  the  pedi¬ 
atric  population,  long-term  mortality  in  second¬ 
ary  HLH  may  be  more  reflective  of  underlying 
malignancy  [10,  11]. 

Short-term  mortality  from  HLH  depends 
strongly  on  local  treatment  resources  and  sup¬ 
portive  care,  and  varies  widely  among  single¬ 
center  studies  from  50  to  nearly  80%  prior  to 
discharge  [4,  12].  Across  centers,  however,  HLH 
related  to  malignancy  is  found  to  have  the  highest 
mortality,  followed  by  autoimmune  and  then 
infectious  causes.  These  differences  may  be  par¬ 
ticularly  striking  when  advanced  supportive  care 
is  available.  In  a  North  American  tertiary  care 
center,  patients  with  HLH  secondary  to  causes 
other  than  malignancy  had  a  median  survival  of 
48  months,  compared  to  less  than  2  months  in 
cases  associated  with  malignancy  [13].  Severity 
of  illness  at  the  time  of  diagnosis  of  HLH  also 
appears  to  bear  on  outcome  despite  treatment, 
with  thrombocytopenia,  marked  hyperferri¬ 
tinemia,  and  shock  at  ICU  admission  associated 
with  mortality  [13,  14]. 

Biomarker  Testing 

As  highlighted  in  the  case  presentation,  diagno¬ 
sis  of  HLH  is  often  difficult  and  delayed. 
Multiple  conditions  share  at  least  several  of  the 
diagnostic  criteria  of  HLH.  Therefore,  specific 
biomarkers  for  HLH  would  likely  shorten  time 
to  diagnosis  and  therapy.  Bone  marrow  hemo¬ 
phagocytosis,  while  lending  its  name  to  HLH,  is 
neither  sensitive  nor  specific  for  the  disorder  [7]. 
NK  cell  activity  and  sIL-2R  levels  are  part  of  the 
HLH  diagnostic  criteria,  but  these  laboratory 
studies  are  available  in  only  a  few  reference  lab¬ 
oratories.  Ideally,  biomarker  testing  would  rely 
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on  commonly  and  rapidly  available  assays,  such 
as  those  for  determining  ferritin  levels. 

In  the  pediatric  population,  hyperferritinemia 
(>10,000  pg/L)  has  a  greater  than  90%  specific¬ 
ity  for  HLH  [15].  Furthermore,  ferritin  levels  also 
reflect  disease  course  and  activity,  and  in  children 
a  marked  decrease  in  ferritin  (>96%)  portends 
decreased  short  term  mortality  during  HLH  treat¬ 
ment  [16].  In  critically  ill  adults,  however,  the 
increased  prevalence  of  conditions  which  elevate 
ferritin,  such  as  infection,  malignancy,  autoim¬ 
mune  disease,  liver  injury  and  chronic  blood 
transfusion  make  hyperferritinemia  a  nonspecific 
finding  for  HLH  [17,  18].  In  addition,  particular 
causes  of  secondary  HLH  may  be  associated  with 
variable  biomarker  patterns.  For  example,  HLH 
due  to  lymphoma  may  present  with  a  high  ratio 
of  sIL-2R  to  ferritin  compared  to  other  causes 
[19].  Given  that  HLH  is  a  disorder  of  immune 
dysregulation,  efforts  have  been  made  to  differ¬ 
entiate  HLH  from  infection  based  on  cytokine 
patterns  in  the  pediatric  population  [20].  Whether 
this  approach  will  be  fruitful  in  adults  requires 
further  study. 
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of  Hematopoietic  Stem  Cell 
Transplantation  Including  Graft 
Versus  Host  Disease 


Peter  C.  Stubenrauch,  Kenneth  Lyn-Kew, 
and  James  Finigan 


Case  Presentation 

A  43  year  old  woman  was  admitted  to  the  ICU 
with  altered  mental  status  (AMS)  and  respira¬ 
tory  failure.  Her  medical  history  was  notable  for 
chronic  lymphocytic  leukemia  and  was  status 
post  non-myeloablative  allogeneic  hematopoi¬ 
etic  stem  cell  transplant  (HCT)  with  graft  versus 
host  disease  (GVHD)  of  the  skin  treated  with 
topical  corticosteroids  and  ocular  involvement 
treated  with  cyclosporine.  Several  months  after 
her  HCT  she  developed  progressive  shortness  of 
breath  and  dry  cough.  Since  her  transplant,  her 
FVC  and  FEV1  had  fallen  from  104%  and 
106%  predicted  to  42%  and  25  %  respectively. 
High-resolution  chest  CT  scan  demonstrated 
mosaic  attenuation  and  she  was  diagnosed  with 
bronchiolitis  obliterans  syndrome  (BOS). 
Despite  treatment  with  prednisone  60  mg  daily 
and  tacrolimus  2  mg  twice  daily  the  patient 
experienced  progressive  symptoms  over  the  fol¬ 
lowing  2  months.  She  was  admitted  to  the  ICU 
for  altered  mental  status  and  respiratory  failure. 
CT  scanning  of  the  chest  and  brain  demon¬ 
strated  a  cavitary  right  lung  mass  (Fig.  74.1)  and 
a  cavitary  left  brain  mass  (Fig.  74.2).  Cultures 
from  bronchoalveolar  lavage  and  brain  biopsy 
grew  mucormycoses.  Despite  antifungal  therapy 
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and  supportive  care  the  she  further  deteriorated 
and  care  was  withdrawn. 

Question  How  does  time  from  transplant  affect 
consideration  of  which  complications  may  be 
present? 

Answer  Complications  following  HCT  pertain  to 
the  patient’s  immune  statuse  and  may  be  roughly 
divided  into  three  “ ‘phases:”  pre-engraftment  dur¬ 
ing  approximately  the  first  month;  engraftment 
during  months  2-3;  and  post-engraftment  after 
approximately  the  first  100  days  following  HCT. 

Due  to  the  transplant  and  the  therapies  an 
HCT  patient  receives  for  maintenance,  the  innate 
and  acquired  immune  systems  of  this  patient 


Fig.  74.1  Chest  CT.  A  CT  of  the  chest  show  a  right  sided 
cavitary  lesion  concerning  for  fungal  pneumonia 
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Fig.  74.2  Head  CT.  A  CT  of  the  head  reveals  a  mass 
lesion  concerning  for  spread  of  her  fungal  infection 

population  do  not  function  normally.  This  places 
these  patients  at  increased  risk  for  a  host  of  infec¬ 
tious  and  non-infectious  diseases. 


Gastrointestinal  System 

GI  bleeding 
Enterocolitis 
Liver  failure 

Central  Nervous  system 

Intracranial  hemorrhage 
Seizure 

Altered  Mental  Status 


Currently  there  are  greater  than  50,000  HCTs 
performed  yearly  [1]  thus,  there  are  many 
patients  at  all  stages  in  the  post-transplant 
periods  that  could  potentially  develop  a  process 
requiring  admission  the  ICU.  This  patient  expe¬ 
rienced  several  devastating  complications 
related  to  her  HCT  including  graft-versus-host 
disease,  respiratory  failure,  and  opportunistic 
infection.  This  chapter  will  focus  on  these  issues 
that  are  commonplace  in  HCT  patients  that  are 
admitted  to  the  ICU,  in  particular,  the  impact  of 
GVHD  and  the  pulmonary  complications  of 
HCT. 


Common  ICU  Admission  Etiologies  in  HCT 
Patient 

Respiratory  Failure 

See  Etiologies  of  Respiratory  Failure  on 
HCT  Patient  below 

Shock 

Septic  shock 
Hypovolemic  shock 
Cardiogenic  shock 
Obstructive  shock  (thrombosis) 

Renal  failure  resulting  in  metabolic 
derangements 

Hyperkalemia 

Acidosis 


Principles  of  Management 

Hematopoietic  stem  cell  transplantation  has 
become  a  relatively  common  procedure  world¬ 
wide  with  a  diverse  array  of  indications.  The 
indications  range  from  leukemias  and  lympho¬ 
mas  to  inborn  errors  of  metabolism  to  autoim¬ 
mune  diseases.  Other  considerations  include 
patient  age,  functional  status,  and  suitable  graft 
availability.  There  are  four  sources  for  a 
hematopoietic  stem  cell  transplant:  autologous 
transplantation  refers  to  a  patient  receiving  his 
own  stem  cells,  in  syngeneic  transplantation  a 
patient  receives  stem  cells  from  an  identical  twin 
sibling,  in  allogeneic  transplantation  a  patient 
receives  stem  cells  from  a  non-identical  sibling 
or  an  unrelated  donor  and  in  umbilical  cord  blood 
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transplantation  stem  cells  harvested  from  the 
umbilical  cord  and  placental  soon  after  a  baby  is 
born.  In  allogeneic  transplantation,  recipient  and 
donor  human  leukocyte-associated  antigens 
(HLA)  are  matched  as  best  as  possible.  Graft- 
versus-host  disease  is  common  in  allogeneic 
transplants  and  uncommon  in  autologous  trans¬ 
plants.  GVHD  is  generally  more  severe  in  the 
patients  receiving  transplants  from  mismatched 
donors  [2]. 

In  preparation  for  the  transplant,  conditioning 
regimens  are  used  to  treat  the  patient  prior  to  the 
transplant  and  the  severity  of  graft-versus-host 
disease  appears  be  influenced  by  the  condition¬ 
ing  regimen  chosen  [3].  The  regimens  are  meant 
to  suppress  the  recipient’s  immune  system 
enough  that  the  graft  is  not  rejected  as  well  as 
eliminate  the  disease  for  which  the  patient  is 
receiving  the  transplant.  The  myeloablative 
regimens  are  meant  to  completely  destroy  the 
recipient’s  stem  cell  population  and  regimens 
often  are  made  up  of  both  chemotherapy  and 
total  body  irradiation  (TBI).  Non-myeloablative 
regimens  generally  use  lower  doses  of  chemo¬ 
therapy  and  TBI  and  are  not  designed  to  com¬ 
pletely  eradicate  the  recipient’s  stem  cell  (or 
diseased  cell)  population.  Eradication  of  the 
malignancy  relies  on  the  graft-versus  tumor 
effect  provided  by  the  donor  stem  cells.  Choice 
of  regimen  is  influenced  by  the  patient’s  co-mor- 
bities,  the  condition  that  is  being  treated,  the  sta¬ 
tus  of  the  disease  being  treated,  and  the  likelihood 
of  graft  rejection  [2]. 


Impact  of  Graft-Versus-Host  Disease 
on  the  Critically  III  HCT  Patient 

Importantly,  recipients  of  allogeneic  HCT  com¬ 
monly  develop  GVHD  and  the  graft  versus 
tumor  effect  is  generally  associated  with  reduced 
relapse  of  malignancy  however  GVHD  (both 
acute  and  chronic)  is  associated  with  significant 
morbidity  and  mortality  [4].  GVHD  is  a  com¬ 
mon  multisystem  “side-effect”  of  HCT  seen  in 


patients  with  allogeneic  HCT.  It  occurs  when 
donor  hematopoietic  cells  recognize  the 
recipient’s  organ  tissues  as  foreign  resulting  in 
end-organ  injury  [5].  Acute  GVHD  typically 
occurs  within  100  days  of  transplantation  and  is 
characterized  by  skin,  GI  tract  and  liver  involve¬ 
ment.  However,  all  organ  systems  can  be 
involved  [6].  Chronic  GVHD  commonly  occurs 
outside  the  first  100  days  after  HCT  though  the 
clinical  manifestations  noted  in  the  patient  as 
opposed  to  the  timing  are  perhaps  more  impor¬ 
tant  in  making  the  diagnosis  of  acute  or  chronic 
GVHD.  While  skin,  GI  tract  and  liver  are  also 
commonly  involved  in  chronic  GVHD,  the  find¬ 
ings  of  chronic  GVHD  are  much  different  than 
what  is  seen  in  acute  GVHD  and  tend  to  have  an 
appearance  similar  to  that  of  a  patient  with 
advanced  autoimmune  disease.  Sclerotic  skin 
lesions,  which  are  strikingly  similar  to  the  cuta¬ 
neous  findings  of  scleroderma,  are  common¬ 
place  in  chronic  GVHD  [7].  Both  acute  and 
chronic  GVHD  are  associated  with  significant 
non-relapse  morbidity  and  mortality  in  the  HCT 
patient  [8]. 

Mortality  after  HCT  is  higher  in  patients  who 
have  GVHD  as  opposed  to  those  who  do  not  and 
as  the  severity  of  GVHD  increases,  so  does  mor¬ 
tality.  It  has  also  been  demonstrated  that  patients 
who  receive  allogeneic  transplants  from  unre¬ 
lated  donors  also  have  higher  rates  of  GVHD  and 
non-relapse  mortality  [9].  Al-Khadhimi  et  al.  ret¬ 
rospectively  evaluated  414  patients  with  related 
and  unrelated  HCT  and  demonstrated  the  inci¬ 
dence  of  severe  acute  GVHD  was  much  higher  in 
the  recipient  from  unrelated  donors  (22.3%  vs 
36.5  %).  It  was  also  shown  that  non-relapse  mor¬ 
tality  was  significantly  higher  (33.3  %  vs  46.5  %) 
at  60  months.  In  this  cohort,  only  15  %  of  patients 
with  the  severest  (grade  III  and  IV)  level  of  acute 
GVHD  were  alive  at  5  years  [10].  While  the  clini¬ 
cal  manifestations  of  acute  and  chronic  GVHD 
share  some  similarities,  having  a  history  of  acute 
GVHD  is,  in  and  of  itself,  a  risk  factor  for  chronic 
GVHD  [11]. 

The  patient  described  developed  multiple 
manifestations  of  chronic  GVHD  disease  includ- 


634 


P.C.  Stubenrauch  et  al. 


ing  skin,  ocular,  and  pulmonary.  Bronchiolitis 
obliterans  syndrome  (BOS)  is  a  common 
pulmonary  manifestation  of  chronic  GVHD  and 
is  thought  to  occur  in  between  1.7  and  26%  of 
patient  receiving  allogeneic  HCT  [12].  In  a  study 
by  Au  et  al.,  the  survival  analysis  hazard  ratio 
was  1.6  for  HCT  patients  with  BOS  when 
compared  with  those  with  HCT  without  BOS.  Its 
incidence  is  closely  associated  with  chronic 
GVHD,  prior  history  of  acute  GVHD,  older 
donor  and  recipient  age,  poor  lung  function  prior 
to  transplantation,  early  post-transplant 
respiratory  viral  infections,  and  the  type  of  condi¬ 
tioning  regimen  prior  to  transplant  [12]. 
Treatment  generally  includes  systemic  cortico¬ 
steroids  with  and  without  other  immune  sup¬ 
pressing  medications.  The  immune  suppressing 
regimen  often  includes  a  prolonged  course  of 
high  dose  prednisone  and  in  the  event  there  is 
minimal  response  to  prednisone,  calcineurin 
inhibitors  are  added  [13, 14].  Unfortunately,  BOS 
often  progresses  despite  attempts  at  therapy. 
These  treatments  for  BOS  often  result  in  medica¬ 
tion  side  effects  and  increased  risk  of  opportunis¬ 
tic  infections  due  to  their  significant  immune 
suppressing  properties  [14]. 


Pulmonary  Complications  in  the 
GVHD  Patient 

Respiratory  failure,  as  occurred  in  this  patient, 
exemplifies  a  common,  yet  heterogeneous  prob¬ 
lem  in  any  ICU  population.  However,  the  HCT 
population  is  a  unique  group  in  which  certain 
infectious  and  non-infectious  pulmonary  com¬ 
plications  can  be  expected  at  various  periods 
post-HCT.  A  retrospective  review  of  250  con¬ 
secutive  HCT  patients,  of  who  33  were  admitted 
to  the  ICU  and  the  most  common  reason  for  ICU 
admit  were  pulmonary  complications  [16]. 
Indeed,  respiratory  failure  carries  a  particularly 
poor  prognosis  in  this  population  and  can  be  a 
result  of  both  infectious  and  non-infectious 
etiologies. 


Etiologies  of  Respiratory  Failure  in  HCT 
Patient 

Infectious 

Bacteria: 

GPC,  GNR,  polymicrobial  with 
aspiration 
Viruses: 

CMV,  Herpesviruses,  Respiratory 
viruses 
Fungus: 

Aspergillus,  Candida,  Mucormycoses 
Mycobacteria: 

Tuberculosis,  non-tuberculous 

mycobacteria 

Non-infectious 

Diffuse  Alveolar  Hemorrhage 
Idiopathic  Pneumonia  syndrome 
Cryptogenic  Organizing  Pneumonia 
Pulmonary  Edema 
Bronchiolitis  Obliterans  Syndrome 
Pulmonary  veno-occlusive  disease 
Radiation  Pneumonitis 


Due  to  the  immunologic  derangements  and 
subsequent  immune  system  recovery  that  occurs 
after  an  HCT,  the  patient  will  be  at  higher  risk  for 
numerous  pulmonary  complications  depending 
on  the  post-transplant  phase. 

Recovery  "Phases"  Post-HCT 

Recovery  from  HCT  can  divided  into  three 
phases  which  is  helpful  in  allowing  the  physician 
rapidly  assess  and  treat  a  broad  differential. 
Phase  1  is  the  period  immediately  post-trans- 
plant  to  the  point  of  cellular  engraftment  (defined 
as  an  absolute  neutrophil  count  >0.5  x  109 
cells/L),  which  occurs  about  3-4  weeks  post¬ 
transplant.  Many  of  the  infectious  pulmonary 
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complications  in  this  period  are  related  to  the 
neutropenia  that  make  risk  of  opportunistic 
infection  from  bacteria,  fungi,  and  viruses  com¬ 
monplace.  Phase  2  encompasses  the  period  from 
engraftment  to  the  point  at  which  full  immunity 
from  the  allograft  is  conferred,  which  can  take 
up  to  100  days  post-transplant.  During  this 
period,  humoral  and  cell-mediated  immunity 
remain  impaired.  The  final  recovery  stage,  phase 
3,  commonly  is  characterized  by  ongoing  defects 
in  cell-mediated  and  humoral  immunity,  as  well 
as  diminished  function  of  the  reticuloendothelial 
system. 

Common  Infectious  Complications 
of  Phase  1 

Bacterial  infections,  including  gram  negative, 
gram  positive  and  anaerobic  organisms,  are  com¬ 
monplace  during  phase  1  due  to  the  resultant  neu¬ 
tropenia  from  the  regimens  used  to  perform  the 
HCT  itself.  Patients  who  experience  mucositis 
during  phase  1  are  at  increased  risk  of  bacterial 
translocation  into  the  bloodstream  and  also  aspi¬ 
ration  from  the  dysphagia  they  often  experience 
which  can  result  in  bacterial  pneumonias.  As 
such,  during  phase  1 ,  when  patients  present  with 
fever  they  require  empiric  broad  spectrum  antibi¬ 
otic  prophylaxis  to  treat  both  gram  positive  and 
gram  negative  organisms  even  if  the  source  of  the 
fever  is  elusive  [17]. 

During  the  prolonged  periods  of  neutropenia 
of  phase  1 ,  opportunistic  infections  from  invasive 
Aspergillus  are  commonly  seen,  even  with  anti¬ 
fungal  prophylaxis  [18].  Notable  risk  factors 
include  allogeneic  HCT,  acute  GVHD,  and  older 
age.  Clinical  features  often  include  dyspnea, 
fever,  pleuritic  chest  pain  and  occasionally 
hemoptysis.  Imaging  will  often  show  nodular 
opacities  on  chest  radiograph  and  the  “halo”  sign 
on  CT  scanning.  Treatment  is  generally  with 
voriconazole  or  amphotericin,  though  the  echino- 
candins  are  also  used  [19]. 

Herpesviruses  are  common  viral  infections 
seen  in  phase  1  [20,  21].  Disease  activity  results 


from  reactivation  of  latent  infection.  In  patients 
who  do  not  receive  prophylaxis  with  acyclovir, 
HSV  will  be  shed  in  up  to  80%  of  seropositive 
patients.  HSV  pneumonitis  requires  evidence  of 
tissue  invasion  for  diagnosis  and  generally 
patients  with  pneumonitis  will  also  have  evidence 
of  mucocutaneous  involvement.  Imaging  can 
demonstrate  diffuse  or  patchy  opacities  [21]. 
Treatment  is  generally  with  acyclovir. 


Common  Non-lnfectious  Phase  1 
Pulmonary  Complications  of  HCT 

Diffuse  alveolar  hemorrhage  (DAH),  a  phenom¬ 
ena  occurring  more  commonly  in  autologous 
HCT  than  allogeneic  HCTs,  is  characterized  by 
fever,  hypoxemia,  coughing,  and  central  bilateral 
pulmonary  opacities.  The  diagnosis  of  DAH  is 
made  on  bronchoalveolar  lavage  (BAL)  when 
non-clearing  hemorrhagic  return  is  seen  on  suc¬ 
cessive  lavage  aliquots  [22].  Due  to  the  patchy 
nature  of  DAH,  performing  BALs  in  multiple 
areas  of  the  lung  may  be  required  to  establish  a 
diagnosis.  As  with  other  non-infectious  compli¬ 
cations  of  HCT,  there  must  be  no  evidence  of 
infection  present  to  establish  a  diagnosis  of 
DAH.  Corticosteroids  are  often  used  for  treat¬ 
ment,  though  the  in-hospital  mortality  of  DAH 
approaches  80%  [23]. 

During  phase  1,  patients  regularly  develop 
pulmonary  edema  which  can  be  either  cardio¬ 
genic  or  non-cardiogenic  in  nature  [24].  It  is 
characterized  by  dyspnea,  hypoxemia,  bilateral 
rales,  bilateral  pulmonary  interstitial  opacities, 
and  occasionally  associated  with  pleural  effusion. 
The  etiology  of  the  pulmonary  edema  is  diverse 
though  patients  often  have  cardiac  or  renal  dys¬ 
function  as  a  result  of  previous  chemotherapeu- 
tics  used  (platinum  based,  anthracy dines,  or 
cyclophosphamide  being  the  most  common),  and 
hypoalbuminemia  can  also  play  a  role.  Increased 
vascular  permeability  as  a  result  of  sepsis,  viral 
infection,  aspiration,  or  hyper  acute  GVHD  can 
result  in  non-cardiogenic  pulmonary  edema  [25]. 
Typically,  pulmonary  edema  will  improve  with 
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diuresis  and  often  has  a  good  prognosis  though 
patients  with  hepatic  veno-occlusive  disease  can 
develop  pulmonary  edema  that  has  significantly 
worse  outcomes  [26] . 

Engraftment  syndrome  occurs  in  about 
7-10%  of  patients  with  autologous  HCT  and  is 
less  common  in  patients  with  allogeneic 
HCT.  Common  features  include  fever,  dyspnea, 
hypoxia,  maculopapular  rash  (not  attributable  to 
medication),  and  bilateral  pulmonary  opacities. 
This  syndrome  occurs  at  the  same  time  as  the 
patient’s  neutrophils  recover.  Infectious  and  car¬ 
diogenic  etiologies  must  be  ruled  out  to  make  the 
diagnosis.  Patients  tend  to  have  a  better  prognosis 
than  many  of  the  other  etiologies  of  respiratory 
failure  and  one  case  series  reported  excellent  res¬ 
olution  of  hypoxia  and  fever  when  treated  with 
corticosteroids  [27]. 


Common  Infectious  and 
Non-lnfectious  Pulmonary 
Complications  in  Phase  2 

In  the  immunocompetent  host,  Cytomegalovirus 
(CMV)  remains  latent  in  the  host’s  leukocytes 
though  will  reactivate  in  the  seropositive  patient 
who  becomes  immunosuppressed.  Most  HCT 
patient  receive  prophylaxis  for  CMV  and  as 
such,  CMV  pneumonitis  is  no  longer  as  com¬ 
mon  as  previously  in  the  transplant  population 
[28].  It  is  seen  in  about  5  %  of  HCT  patients  and 
tends  to  occur  between  6  and  12  weeks  post¬ 
transplant.  As  is  commonly  seen  with  many 
forms  of  pneumonitis,  it  is  characterized  by 
fevers,  dyspnea,  hypoxia,  and  diffuse  opacities 
on  radiograph.  Primary  risk  factors  for  CMV 
include  previous  CMV  viremia,  GVHD  and  use 
of  high-dose  glucocorticoids.  The  treatment 
typically  includes  intra- venous  (IV)  ganciclovir 
or  valganciclovir.  The  mortality  in  the  HCT 
patient  with  CMV  pneumonia  is  quite  high  at 
80-90%  [29]. 

There  are  a  number  of  other  viruses  known  to 
cause  pulmonary  complications  in  the  HCT 
patient  including  RSV,  influenza,  parainfluenza, 


and  human  metapneumonvirus.  While  some  may 
not  carry  the  high  mortality  associated  with 
CMV  pneumonitis,  most  carry  significant  mor¬ 
bidity  and  mortality  when  they  result  in  pneumo¬ 
nia  [30]. 

The  idiopathic  pneumonia  syndrome  (IPS)  is 
a  common  non-infectious  complication  of  phase 
2.  This  usually  occurs  4  months  post-HCT  and  is 
characterized  by  two  phases:  an  early  inflamma¬ 
tory  phase  followed  by  a  fibrotic  phase  likely 
resulting  from  an  impaired  ability  to  recover  in  a 
normal  fashion  from  an  insult  leading  to  injury 
[31].  The  diagnosis  of  IPS  is  predicated  on  the 
fulfillment  of  two  criteria:  diffuse  alveolar  injury 
with  symptoms  suggestive  of  pneumonia  with¬ 
out  evidence  of  congestive  heart  failure  or  vol¬ 
ume  overload  and  no  evidence  of  lower 
respiratory  tract  infection.  Risk  factors  for  IPS 
include  the  diagnosis  of  acute  leukemia,  the  type 
of  conditioning  regimen  -  myleoablative,  total 
body  irradiation,  severe  acute  GVHD,  and  age 
greater  than  40  [31,  32].  A  compelling  study 
published  in  Blood  in  2015  re-evaluated  BAL 
samples  of  69  patients  previously  diagnosed 
with  IPS  between  1992  and  2006  using  PCR 
screening  for  3  bacteria  and  25  viruses.  Pathogens 
were  discovered  in  39  patients,  a  significant  pro¬ 
portion  of  whom  had  worse  100  day  survival 
than  those  without  pathogens.  While  the  signifi¬ 
cance  of  these  findings  are  uncertain,  they  sug¬ 
gest  that  aggressive  search  for  infectious 
pathogens  must  be  undertaken  prior  to  making 
the  diagnosis  of  IPS  [33].  The  HCT  patient  diag¬ 
nosed  with  IPS  is  typically  treated  with  high- 
dose  corticosteroids  though,  unfortunately, 
prognosis  is  quite  poor  and  ranges  from  50  to 
75  %  [34].  More  recently,  a  study  looking  at  the 
etanercept  in  addition  to  corticosteroids  did  not 
confer  an  improved  response.  Interestingly,  this 
study  demonstrated  better  28-day  survival  rates 
than  historically  documented  perhaps  owing  to 
the  fact  that  conditioning  regimens,  supportive 
care  and  frequency  of  BAL  (thus  allowing  for 
identification  of  pathogens)  has  changed  [35]. 
Unfortunately  the  1-year  survival  rates  post-IPS 
are  high  [34]. 
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Phase  3  Pulmonary  Complications 
Post  HCT 

Bronchiolitis  Obliterans  (BO)  is  a  phase  3  com¬ 
plication  which  is  characterized  by  progressive 
airflow  obstruction  (reduced  FEV1  and  FEV1/ 
FVC  ratio)  seen  in  about  9%  of  patients  with 
allogeneic  HCT  [36].  GVHD  is  an  important 
risk  factor  associated  with  BO.  On  high-resolu¬ 
tion  CT  scanning  will  mosaic  attenuation  will 
commonly  be  seen,  indicative  of  air- trapping. 
Many  experts  are  initiating  “FAM  therapy” 
(inhaled  fluticasone,  azithromycin  three  times 
weekly,  and  montelukast)  with  any  evidence  of 
airflow  obstruction  HCT  [37].  While  there  is  no 
gold-standard  therapy,  immune  suppression  is 
most  often  increased,  typically  with  prednisone 
and  subsequent  steroid  sparing  agents  (cyclo¬ 
sporine  or  azathioprine  are  often  chosen). 
Improvement  in  the  obstructive  physiology  is 
unusual  and  the  more  rapid  the  fall  in  the 
patient’s  FEV1,  the  worse  the  outcome. 
Mechanistically,  is  likely  related  to  a  progres¬ 
sive  bronchial  epithelial  injury  from  the  donor 
immune  cells  [38].  Unfortunately,  as  was  seen 
in  the  patient  presented,  chronic  immune  sup¬ 
pressing  therapy  used  to  treat  BO  increases  risk 
of  opportunistic  infection. 

Organizing  pneumonia  (OP)  is  characterized 
by  patchy  bilateral  pulmonary  opacities  on  imag¬ 
ing  and  restrictive  physiology.  The  etiology  may 
be  related  to  previously  treated  infection,  chronic 
GVHD,  radiation,  or  cryptogenic.  Infection  must 
be  ruled  out  as  patients  will  often  present  with 
dry  cough,  fevers  and  dyspnea.  About  2/3  of 
patients  with  COP  will  respond  well  to  treatment 
with  corticosteroids.  The  risk  factors  associated 
with  the  development  of  COP  include  GVHD 
and  allogeneic  HCT  [39]. 

Fungal  infections  and  CMV  infections  are 
also  seen  during  phase  3  depending  upon  whether 
the  patient  is  receiving  prophylactic  medications 
against  these  organisms.  Risk  of  opportunistic 
infection  is  also  increased  in  patients  receiving 
treatment  for  GVHD  with  prednisone  and  other 
immune  suppressing  agents. 


Evaluation  of  Respiratory  Failure 

In  an  HCT  patient  admitted  to  the  ICU  with  acute 
respiratory  failure,  knowing  the  time  from  trans¬ 
plant  is  helpful  to  the  clinician  in  predicting  what 
infectious  and  non-infectious  processes  are  high¬ 
est  on  the  differential.  Information  regarding  the 
severity  of  GVHD  status  and  whether  immune 
suppressing  medications  for  control  GVHD  are 
being  used  can  further  whether  the  patient  is  at 
increased  risk  for  opportunistic  infections.  In 
addition,  knowledge  of  whether  the  patient  has 
any  active  pulmonary  disease  either  as  a  result  of 
their  HCT,  such  as  radiation  induced  lung  injury, 
BOS  or  other  chronic  lung  diseases,  such  as 
emphysema,  further  adds  to  the  understanding  of 
how  much  pulmonary  reserve  the  patient  will 
have. 

As  with  any  critically  ill  patient  in  the  ICU, 
diagnostic  imaging  is  often  the  initial  test  of 
choice. 

Having  a  low  threshold  to  obtain  cross  sec¬ 
tional  imaging  is  important  in  the  HCT  population 
given  the  broad  differential  for  respiratory  failure 
in  this  group.  Unfortunately,  many  of  the  pulmo¬ 
nary  processes  affecting  the  post-HCT  patient 
result  in  similar  findings  on  CT  scanning  and  fiber 
optic  bronchoscopy  with  BAL  is  often  the  proce¬ 
dure  of  choice  in  separating  between  infectious 
and  non-infectious  pulmonary  complications  asso¬ 
ciated  with  HCT.  Bronchoscopy  is  a  useful  adjunct 
to  making  a  diagnosis  in  patients  with  respiratory 
failure,  or  abnormalities  on  CT  scanning  and  has 
been  shown  to  be  useful  in  making  diagnoses 
about  50%  of  the  time  [1,  40].  Non-invasive  diag¬ 
nostics  such  as  echocardiogram,  blood  cultures, 
fungal  serologic  testing,  and  induced  sputum  have 
been  shown  to  be  useful  depending  on  the  reason 
for  respiratory  failure  [40]. 

In  regards  to  the  patient  presented,  multiple 
studies  have  demonstrated  patients  HCT  patients 
diagnosed  with  invasive  mold  were  receiving 
high  dose  corticosteroids  daily  are  at  greater  risk 
for  developing  invasive  fungal  disease  [41,  42]. 
This  patient  had  a  large  cavity  seen  on  CT  scan¬ 
ning  and  in  her  and  subsequent  bronchoscopy 
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was  diagnostic  for  mucormycoses.  Besides  corti¬ 
costeroid  use,  other  common  risks  for  invasive 
mold  infection  in  the  HCT  include  a  matched 
unrelated  donor,  and  GVHD  [42]  -  both  notable 
findings  in  this  patient.  This  patient  was  treated 
with  amphotericin  and  generally  the  choice  of 
antifungal  therapy  depends  on  the  type  of  infec¬ 
tion  suspected  or  proven  and  the  mainstays  of 
therapies  include  amphotericin,  the  azoles,  and 
the  echinocandins  [43].  Most,  if  not  all,  critically 
ill  HCT  patients  with  suspected  infection  require 
the  input  of  an  infectious  disease  specialist. 

Evidence  Contour 

When  to  Withhold  or  Withdraw  Life 
Support 

Much  has  been  written  about  withholding  care  in 
the  critically  ill  when  deemed  to  be  futile.  To  be 
sure,  the  prognosis  for  the  HCT  patient  critically 
ill  with  respiratory  failure  or  multi-system  organ 
failure  is  poor  though  there  is  some  data  to  sug¬ 
gest  improving  outcomes  in  patients  admitted  to 
the  ICU  [44-46].  Unfortunately,  there  is  not  yet  a 
scale  such  as  the  APACHE  III  or  SAPS  II  that  can 
reliably  predict  an  HCT  patient’s  mortality  dur¬ 
ing  their  stay  in  the  ICU.  This  is  problematic  as 
the  ability  to  prognosticate  to  the  patients,  their 
family  members  or  decision  makers  is  useful  for 
them  to  clarify  their  goals  of  care.  In  the  past, 
there  has  been  discussion  in  the  medical  litera¬ 
ture  about  refusing  ICU  care  for  certain  subpopu¬ 
lations  of  HCT  patients  particularly  those  with 
respiratory  failure  [47].  However,  there  is  not 
yet  a  way  of  identifying  a  group  with  such  poor 
prognosis  that  withholding  care  is  appropriate. 
Post-Intensive  Care  Syndrome  (PICS)  is  a  grow¬ 
ing  area  of  study  looking  at  the  long  term  out¬ 
comes  of  patients  who  have  been  critically  ill  for 
longer  than  1  week.  The  1-  and  5 -year  outcomes 
in  mortality  and  quality  of  life  patients  with  PICS 
are  poor  [48]  though  this  growing  body  of  work 
have  provided  us  with  direction  of  area  to  focus 
on  to  improve  long-term  outcomes.  It  would  be 
beneficial  to  study  the  long  term  survival  of  HCT 


recipients  who  have  survived  critical  illness  in 
order  to  better  allow  the  intensivist  to  prognosti¬ 
cate  to  families  in  the  short-  and  long-term. 
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Case  Presentation 

A  72  year  old  woman  with  no  significant  past 
medical  history  presented  with  abnormal  labs 
from  an  urgent  care  facility.  Her  initial  labs 
showed  marked  absolute  lymphocyte  leukocyto¬ 
sis  of  17  89.4  x  106  cells/mm3  with  morphology 
suggesting  Chronic  Lymphocytic  Leukemia. 
There  was  no  evidence  of  acute  tumor  lysis  syn¬ 
drome  at  initial  presentation  as  suggested  by  a 
potassium  of  4.4  mEq/dL,  uric  acid  of  4.7  mg/dL, 
calcium  of  9.1  mg/dL  and  phosphorus  level  of 
3.9  mg/dL.  She  was  started  on  hydroxyurea, 
intravenous  hydration,  and  allopurinol  for  pre¬ 
vention  of  tumor  lysis  syndrome.  Flow  cytometry 
revealed  positivity  for  ATM  and  MYB  gene  dele¬ 
tions  as  well  as  del(13q)  chromosome.  Following 
initiation  of  therapy,  the  patient  developed  hyper¬ 
kalemia  resistant  to  medical  treatment  including 
sodium  polystyrene  sulfonate,  calcium  gluconate 
and  insulin  with  dextrose,  and  was  started  on 
hemodialysis.  Due  to  her  confirmed  diagnosis  of 
chronic  lymphocytic  leukemia  (CFF),  she  was 
started  on  induction  chemotherapy  with 
Rituximab  and  Bendamustine.  A  day  later,  her 
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labs  demonstrated  elevated  potassium  to  6.7  mEq/ 
dF,  phosphorus  to  16.6  mg/dF,  and  uric  acid  to 
9.0  mg/dF.  She  also  exhibited  hypocalcemia,  at 
6.9  mg/dF. 

Question  What  is  the  cornerstone  of  manage¬ 
ment  of  acute  tumor  lysis  syndrome? 

Answer  Intensive  supportive  care  for  renal 
insufficiency  and  electrolyte  abnormalities. 

The  optimal  management  of  acute  tumor  lysis 
syndrome  is  preservation  of  renal  function  and 
prevention  of  life  threatening  cardiac  arrhyth¬ 
mias  and  neuromuscular  irritability  by  providing 
the  best  supportive  care.  The  patient  was  trans¬ 
ferred  to  the  medical  ICU  for  management  of 
acute  tumor  lysis  syndrome.  She  was  given 
aggressive  fluid  hydration.  Continuous  renal 
replacement  therapy  was  considered,  though 
deferred  given  normal  hemodynamics.  Her  potas¬ 
sium,  phosphate,  calcium  and  uric  acid  levels 
were  monitored  every  6  h  and  were  managed 
appropriately.  No  significant  dysrhythmias 
occurred  during  her  course.  Her  electrolyte 
abnormalities  subsequently  resolved.  She  was 
transferred  back  to  the  general  medical  floor.  Her 
renal  function  completely  recovered  eliminating 
the  need  for  further  renal  replacement  and  she 
was  subsequently  discharged  home  and  therapy. 
She  was  continued  on  allopurinol  as  an  outpatient 
and  has  not  had  a  recurrent  episode  of  tumor  lysis 
syndrome. 
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Principles  of  Management 

There  Are  Laboratory  and  Clinical 
Classifications  of  Tumor  Lysis 
Syndrome  (TLS) 

There  are  several  different  definitions  of  TLS 
which  contain  laboratory  and  clinical  classifica¬ 
tions,  as  can  be  found  here  [1].  According  to 
Cairo  and  Bishop  [2]  laboratory  TLS  is  diag¬ 
nosed  when  two  or  more  of  the  following  meta¬ 
bolic  abnormalities  occur  within  3  days  before  or 
up  to  7  days  after  the  initiation  of  therapy:  hyper¬ 
uricemia,  hypocalcemia,  hyperkalemia  and 
hyperphosphatemia.  They  define  clinical  TLS  as 
laboratory  TLS  accompanied  by  presence  of 
acute  kidney  injury,  seizures,  cardiac  dysrhyth¬ 
mia,  or  death.  Acute  kidney  injury  may  result 
from  urate  nephropathy,  endothelial  dysfunction, 
local  ischemia,  or  pro-inflammatory  and  pro- 
oxidative  state  secondary  to  elevated  uric  acid  [3, 
4].  Electrolyte  abnormalities  may  lead  to  neuro¬ 
muscular  irritability  including  seizures  and 
cardiac  dysrhythmia  that  can  be  fatal.  Laboratory 
TLS  confers  high  risk  of  developing  clinical 
TLS  [5]. 

Risk  Stratification  for  Development 
of  Clinical  TLS  Is  Complex,  but  Useful 

Several  models  have  been  developed  for  adults 
with  acute  myeloid  leukemia  [6,  7]  and  children 
with  acute  lymphoblastic  leukemia  [8]  to  pre¬ 
dict  the  risk  of  the  tumor  lysis  syndrome.  These 
models  lack  a  standard  definition  of  the  tumor 
lysis  syndrome,  use  different  primary  end 
points  (i.e.,  either  clinical  tumor  lysis  syndrome 
or  any  type  of  the  tumor  lysis  syndrome),  do  not 
have  standardized  supportive  care  guidelines, 
and  scoring  systems  are  complex.  However, 
Howard  et  al.  [5]  proposed  an  algorithm  for 
risk  stratification  depicted  here,  which  suggests 
escalation  of  management  including  intrave¬ 
nous  fluids,  hypouricemic  agents,  progressively 
more  frequent  laboratory  monitoring,  and  car¬ 
diac  monitoring,  depending  on  risk  to  develop 
clinical  TLS. 


Treatment  Prephase  with  Low 
Intensity  Chemotherapy  May  Prevent 
TLS  in  High-Risk  Patients 

Patients  at  high  risk  for  developing  tumor  lysis 
syndrome  may  receive  low-intensity  initial 
therapy.  The  hypothesis  is  that  slower  lysis  of 
tumor  cells  allows  renal  homeostasis  to  clear 
metabolites  before  their  accumulation  and  sub¬ 
sequent  organ  damage.  In  patients  with 
advanced  B-cell  Non-Hodgkin’s  lymphoma  and 
Burkitt’s  lymphoma,  this  approach  has  involved 
treatment  with  low-dose  cyclophosphamide, 
vincristine  and  prednisone  for  a  week  prior  to 
the  initiation  of  intensive  chemotherapy. 
Several  groups  also  subscribe  to  a  week  of 
prednisone  monotherapy  for  childhood  acute 
lymphoblastic  leukemia  [5]. 

Hydration  Is  Essential  to  Prevention 
and  Treatment  of  TLS 

All  patients  at  risk  for,  or  with,  clinical  TLS 
should  receive  intravenous  hydration  to  opti¬ 
mize  glomerular  filtration  and  renal  perfusion 
while  maximizing  urinary  excretion  of  uric 
acid  and  phosphate  [9].  Patients  at  intermedi¬ 
ate  or  high  risk  for  TLS  should  receive  “hyper¬ 
hydration”,  with  goal  of  4-6  L  per  day  up  to 
48  h  prior  to  chemotherapy  through  72  h  fol¬ 
lowing  therapy  [10].  Some  have  advocated  for 
up  to  3000  ml/m2/day  for  those  at  the  highest 
risk  [11].  The  choice  of  hydration  fluid  varies 
depending  upon  the  clinical  circumstances.  One 
expert  panel  suggests  the  initial  use  of  5  %  dex¬ 
trose  in  one-quarter  normal  (isotonic)  saline  [9]. 
In  patients  with  hyponatremia  or  volume  deple¬ 
tion,  isotonic  saline  should  be  the  initial  hydra¬ 
tion  fluid.  As  there  is  a  risk  of  hyperkalemia  and 
hyperphosphatemia  with  calcium  phosphate 
precipitation  once  tumor  breakdown  begins, 
potassium  and  calcium  should  be  withheld 
from  the  initial  hydration  fluids.  Use  of  sodium 
bicarbonate  to  cause  urinary  alkalization,  while 
increasing  urate  excretion,  reduces  the  solubil¬ 
ity  of  calcium  phosphate,  and  is  no  longer  rec¬ 
ommended  for  TLS  management,  particularly 
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when  hypouricemic  agents  are  available  [9]. 
Urinary  alkalization  has  been  associated  with 
renal  failure  in  pediatric  patients  treated  with 
rasburicase  [12].  Diuretics  may  be  used  to  main¬ 
tain  increased  urinary  flow,  though  this  is  con¬ 
troversial  (see  section  “Evidence  Contour”). 

Hypouricemic  Agents  Are  Essential 
to  the  Prevention  and  Treatment 
ofTLS 

Reduction  of  uric  acid  with  allopurinol  and  ras¬ 
buricase  can  preserve  or  improve  renal  function 
[13].  Rasburicase  additionally  reduces  serum 
phosphate  as  a  secondary  benefit.  Allopurinol  is 
a  xanthine  oxidase  inhibitor  that  reduces  the  for¬ 
mation  of  uric  acid  though  has  no  demonstrable 
effects  on  the  excretion  of  already  formed  uric 
acid.  This  delay  in  therapeutic  effect  can  allow 
urate  nephropathy  to  develop.  Furthermore, 
despite  treatment  with  allopurinol,  xanthine 
can  accumulate  and  this  can  result  in  xanthine 
nephropathy  [14,  15].  In  a  multicenter  random¬ 
ized  study  of  the  use  of  allopurinol  versus  ras¬ 
buricase  in  pediatric  patients  at  risk  for  TLS, 
the  mean  uric  acid  was  significantly  decreased 
in  the  rasburicase  arm  in  intention  to  treat 
analysis.  There  was  also  a  significant  decrease 
in  serum  phosphorus,  and  favorable  trends  in 
serum  creatinine  in  patients  managed  with 
rasburicase  [16].  The  serum  creatinine  level 
improved  by  3 1  %  in  the  rasburicase  group  but 
worsened  by  12%  in  the  allopurinol  group.  In 
the  study  done  by  Pui  et  al.  [13],  there  was  no 
increase  in  phosphorus  levels  and  decrease  in 
creatinine  levels  among  131  patients  who  were 
at  high  risk  for  the  tumor  lysis  syndrome  and 
were  treated  with  rasburicase.  While  either 
allopurinol  or  rasburicase  may  be  considered 
for  patients  at  intermediate  risk  for  devel¬ 
opment  of  TLS,  rasburicase  is  advised  for  a 
laboratory  or  clinical  diagnosis  of  TLS  [5]. 
However,  Glucose  6  Phosphate  Dehydrogenase 
deficiency  is  an  absolute  contraindication  to 
rasburicase,  related  to  risk  of  hemolysis,  and 
at  risk  populations  should  be  screened  prior  to 
rasburicase  initiation  if  feasible. 


Close  Monitoring  Is  Essential  in  TLS 

It  is  very  important  to  strictly  monitor  urine  out¬ 
put,  laboratory  values,  and  cardiac  conduction  in 
patients  at  risk  for,  and  diagnosed  with,  TLS.  As 
above,  the  degree  of  monitoring  is  related  to  the 
severity  of  risk,  or  diagnosis  [5].  This  monitoring 
should  be  done  during  the  entire  period  for  which 
the  patient  is  at  risk  for  development  of  TLS  as 
this  varies  according  to  the  therapeutic  regimen. 

Prevention  of  Cardiac  Arrhythmias 

Hyperkalemia  and  hypocalcemia  are  the  most 
common  electrolyte  abnormalities  in  tumor  lysis 
syndrome  that  can  cause  life-threatening  dys¬ 
rhythmias.  Appropriate  management  of  these 
abnormalities  is  outlined  below: 

Hyperkalemia  Limitation  of  oral  intake  of 
potassium  and  phosphate  during  the  period  at 
risk  for  acute  tumor  lysis  syndrome  is  an  impor¬ 
tant  aspect  of  management  [17].  Frequent  mea¬ 
surement  of  potassium  levels,  with  frequencies 
dependent  on  degree  of  risk  or  presence  for  TLS, 
should  be  performed.  Oral  sodium  polystyrene 
sulfonate  can  be  administered  if  hyperkalemia  is 
detected.  Hemodialysis  and  hemofiltration  are 
effective  in  removal  of  potassium.  Glucose  in 
combination  with  insulin  or  beta  agonists  may  be 
used  as  temporary  measures.  Calcium  gluconate 
can  be  used  in  addition  for  cardiac  membrane  sta¬ 
bilization  while  awaiting  the  initiation  of  renal 
replacement  therapy. 

Hypocalcemia  Hypocalcemia  can  cause  neuro¬ 
muscular  instability  in  addition  to  dysrhythmias. 
Management  of  elevated  serum  phosphorus  level 
can  be  helpful  in  preventing  hypocalcemia. 
Asymptomatic  hypocalcemia  does  not  need 
treatment.  The  treatment  of  symptomatic  hypocal¬ 
cemia  should  target  the  lowest  dose  of  ionized  cal¬ 
cium  that  is  required  to  relieve  the  symptoms. 
Caution  is  required  as  excess  calcium  increases  the 
calcium  phosphate  product  formation  and  thereby 
increases  the  rate  of  crystallization  (when  the  con¬ 
centration  exceeds  60  mg2).  Phosphate  binders  are 
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typically  given  to  patients  with  acute  tumor  lysis 
syndrome  although  there  is  no  definite  evidence 
for  benefit  (See  section  “Evidence  Contour”). 

Acute  Renal  Failure  Requiring  Renal 
Replacement  Therapy  May  Develop 
Despite  Best  Practice 

Despite  optimal  attempts  at  prevention,  acute  renal 
failure  develops  in  approximately  3-5%  of  the 
patients  with  TLS.  The  introduction  of  rasburicase 
has  brought  down  the  need  for  dialysis  during  the 
induction  phase  of  chemotherapy  of  high-risk 
hematologic  malignancies.  Despite  the  optimal  use 
of  rasburicase,  approximately  5%  of  adults  and 
1.5%  of  children  need  dialysis  during  induction 
phase  of  chemotherapy  [18].  Indications  for  renal 
replacement  therapy  in  acute  tumor  lysis  syndrome 
are  similar  to  other  causes,  but  the  threshold  for  ini¬ 
tiation  can  be  lower  as  there  is  a  potential  for  rapid 
potassium  release  from  cell  lysis  and  subsequent 
hyperkalemia  particularly  when  urine  output  is 
low.  Indications  for  renal  replacement  therapy 
include  oliguria  or  anuria,  persistent  hyperkalemia, 
symptomatic  hypocalcemia  secondary  to  hyper¬ 
phosphatemia,  or  calcium-phosphate  product 
>70  mg2.  The  prognosis  of  complete  renal  recovery 
is  excellent  if  dialysis  is  initiated  early  during  the 
course,  which  thereby  reduces  serum  uric  acid  and 
phosphate  concentrations.  Oliguria  secondary  to 
urate  nephropathy  responds  well  to  hemodialysis 
with  diuresis  occurring  with  serum  uric  acid  con¬ 
centration  below  10  mg/dL. 

Evidence  Contour 

Although  acute  tumor  lysis  syndrome  is  exten¬ 
sively  studied,  there  are  several  aspects  of  man¬ 
agement,  which  remain  controversial. 

Use  of  IV  Diuretics  in  Addition  to  IV 
Hydration  Has  Conflicting  Clinical 
Outcomes 

Administration  of  diuretics  to  patients  with  TLS 
to  increase  urinary  outflow  is  believed  by  some  to 


be  renal  protective.  Based  on  the  animal  study  of 
urate  nephropathy  involving  elevated  levels  of 
serum  uric  acid  that  are  induced  by  continuous 
infusion  of  uric  acid,  high  urine  output  due  to 
either  high-dose  furosemide  or  genetically 
induced  diabetes  insipidus  protected  the  kidneys 
equally,  while  acetazolamide  causing  mild  diure¬ 
sis  and  bicarbonate  provided  only  moderate  renal 
protection  [19].  However  in  human  studies  involv¬ 
ing  the  prevention  of  AKI,  the  use  of  diuretics  can 
lead  to  worse  outcome  [20,  21].  Randomized  con¬ 
trolled  trials  are  needed  in  order  to  establish  the 
definite  benefits  of  use  of  IV  diuretics  in  conjunc¬ 
tion  with  hydration  in  tumor  lysis  syndrome. 

There  Is  Unclear  Utility  of  Phosphate 
Binders  in  TLS  with  AKI 

Phosphate  binders  may  be  used  in  the  manage¬ 
ment  of  acute  TLS.  There  is  lack  of  definite  evi¬ 
dence  of  efficacy  of  phosphate  binders  in  patients 
with  other  etiologies  of  acute  renal  failure  [22, 
23].  However,  this  treatment  is  typically  pro¬ 
vided,  with  case  support  for  its  use  [5,  22]. 

Choice  of  Renal  Replacement  Therapy 
Has  Variable  Outcomes 

There  is  no  clear  consensus  regarding  which 
modality  of  renal  replacement  to  choose  in 
patients  with  acute  tumor  lysis  syndrome. 
Hemodialysis  is  effective  in  removing  uric  acid 
with  clearance  of  about  70-100  ml/min  with 
reduction  of  serum  uric  acid  levels  by  about  50  % 
with  6  h  treatment  [24].  Peritoneal  dialysis  is 
much  less  efficient.  With  regards  to  phosphate 
clearance,  the  rate  usually  ranges  from  60  to 
100  mL/min  with  hemodialysis  depending  on  the 
dialyzer  and  blood  flow.  The  usual  phosphate  bur¬ 
den  in  the  patients  with  tumor  lysis  syndrome  is 
about  2-7  g  per  day.  This  would  warrant  hemodi¬ 
alysis  at  12-24  h.  Continuous  renal  replacement 
modalities  such  as  arteriovenous  hemodialysis 
(CAVHD)  with  high  dialysate  rate,  continuous 
veno-venous  hemodialysis  (CVVHD)  and  con¬ 
tinuous  veno- venous  hemofiltration  (CVVH)  may 
be  tolerated  better.  These  modalities  are  also  often 
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effective  in  cases  of  renal  failure  from  tumor  lysis 
syndrome.  The  clearance  of  phosphorus  with 
CAVHD  can  reach  40  mL/min  at  a  dialysate  flow 
rate  of  4  1  per  hour.  This  can  aid  in  the  removal  of 
up  to  10  g  of  phosphorus  per  day.  Furthermore, 
continuous  renal  replacement  therapy  does  not 
cause  rebound  hyperphosphatemia  which  often 
occurs  with  intermittent  hemodialysis.  At  present 
the  modality  chosen  should  reflect  practitioner 
experience  guided  by  the  need  for  a  high  dialysate 
rate  dictated  by  the  perceived  need  for  rapid  cor¬ 
rection  of  serum  abnormalities. 
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Management  of  Hyperviscosity 
Syndromes 


Brian  P.  O'Connor  and  Indhu  M.  Subramanian 


Case  Presentation 

A  74  year  old  man  with  a  history  of  hyperten¬ 
sion,  hyperlipidemia,  and  diabetes  mellitus  pre¬ 
sented  with  worsening  fatigue,  blurry  vision, 
headache  and  shortness  of  breath  over  the  previ¬ 
ous  3  months.  In  addition,  he  noted  gum  bleed¬ 
ing  when  he  brushed  his  teeth,  despite  proper 
oral  care.  Vitals  were  remarkable  for  tachypnea 
and  an  oxygen  saturation  of  82%  which 
improved  to  87  %  on  15  L  02  via  nonrebreather. 
Physical  exam  was  notable  for  4/5  weakness  in 
his  right  arm  and  leg,  an  enlarged  spleen,  and 
Roth  spots,  cotton  wool  spots,  and  tortuous  veins 
(as  seen  in  Fig.  76.1)  on  fundoscopic  exam.  His 
initial  set  of  labs  revealed  a  WBC  of  145  thou/ 
mcL,  hemoglobin  of  7.4  g/dL  (decreased  from  a 
baseline  of  13  g/dL  2  years  prior),  a  creatinine  of 
1.3  mg/dL,  a  total  protein  of  8.4  g/dL  and  an 
albumin  of  4.3  g/dL.  CXR  showed  bilateral  infil¬ 
trates  in  the  lower  lung  bases  (Fig.  76.2).  CT  of 
the  chest  showed  no  pulmonary  emboli,  but  did 
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confirm  the  presence  of  bilateral  lower  lobe  infil¬ 
trates.  Noncontrast  CT  of  the  brain  was  notable 
for  age  appropriate  atrophy  without  signs  of 
ischemia  or  hemorrhage.  Peripheral  blood  smear 
was  remarkable  for  marked  blasts  and  a  normo- 
cytic  anemia. 

Question  What  is  the  most  likely  diagnosis? 

Answer  Hyperviscosity  Syndrome  due  to 
Hyperleukocytosis 

This  patient  exhibited  the  classic  triad  of 
mucosal  bleeding,  visual  changes,  and  focal  neu¬ 
rologic  deficits  seen  in  hyperviscosity  syndromes. 
The  elevated  WBC  with  blasts  on  the  differen¬ 
tial  suggested  the  possibility  of  an  underlying 
hematologic  malignancy  as  the  etiology  of  the 
patient’s  symptoms.  In  this  case,  emergent  intu¬ 
bation  was  necessary  given  the  patient’s  impend¬ 
ing  hypoxic  respiratory  failure.  Flow  cytometry 
was  performed  and  the  patient  was  preliminar¬ 
ily  diagnosed  with  acute  myelogenous  leukemia 
(AML).  Oncology  was  consulted,  who  recom¬ 
mended  emergent  leukapheresis.  After  the  leu- 
kapheresis,  the  patient  markedly  improved  and 
was  subsequently  extubated.  He  later  received 
two  more  sessions  of  leukapheresis  resulting 
in  complete  resolution  of  his  symptoms  and  a 
reduction  in  his  WBC  count  to  33  thou/mcL.  As 
seen  in  Fig.  76.3,  the  patient’s  CXR  also  cleared 
completely  after  treatment.  Bone  marrow  biopsy 
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Fig.  76.1  Fundoscopic  photograph  showing  intraretinal 
hemorrhage  ( blue  arrow),  tortuous  blood  vessel  ( black 
arrow),  cotton  wool  spots  ( yellow  arrow),  and  Roth  spots 
( green  arrow)  (From  Shirley  and  McNicholl  [1].  Reprinted 
with  permission  from  BMJ  Publishing  Group  Ltd.) 


Fig.  76.2  Initial  chest  x-ray  showing  bilateral  infiltrates 
in  the  lower  lung  zones  (From  Wu  et  al.  [2].  Reprinted 
with  permission  from  Elsevier  Limited) 

and  flow  cytometry  confirmed  the  diagnosis  of 
AML.  The  patient  was  started  on  chemotherapy 
and  tolerated  his  medical  treatment  well  and  was 
later  discharged  with  outpatient  follow  up  of  his 
AML. 


Fig.  76.3  Post  chemotherapy  CXR  showing  resolution  of 
the  patient’s  lower  lobe  infiltrates  (From  Wu  et  al.  [2]. 
Reprinted  with  permission  from  Elsevier  Limited) 

Principles  of  Management 
Pathophysiology 

Hyperviscosity  syndrome  (HVS)  refers  to  the 
clinical  constellation  of  symptoms  exhibited  due 
to  an  increase  in  serum  viscosity.  This  increase  in 
serum  viscosity  is  the  result  of  two  major  patho¬ 
logic  processes:  most  commonly  paraprotein- 
emias  and  less  commonly  excess  cellular 
components  (such  as  leukocytes  and  platelets). 
The  resultant  sluggish  blood  flow  leads  to  a  rela¬ 
tive  hypoperfusion  and  circulating  proteins  inter¬ 
fere  with  platelet  aggregation  causing  prolonged 
bleeding  time  [3].  Classically,  the  patient  will 
present  with  (among  other  symptoms)  the  triad  of 
visual  changes,  mucosal  bleeding,  and  focal  neu¬ 
rological  deficits  [4].  Table  76.1  shows  many  of 
the  end  organ  manifestations  that  can  result  from 
hyperviscosity  syndromes. 

In  plasma,  the  main  determinant  of  blood  vis¬ 
cosity  is  protein  concentration  [5,  6].  Spherical 
proteins  have  a  smaller  effect  on  blood  viscosity 
whereas  larger  proteins  with  high  ratios  of  length 
to  width  (such  as  the  pentameric  IgM)  can  have 
an  inordinate  effect  on  viscosity  [7].  This  under¬ 
lying  mechanism  explains  the  high  incidence  of 
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Table  76.1  Clinical  symptoms  which  can  be  seen  in  various  hyperviscosity  syndromes 


Organ  system 

Hyperviscosity  signs  and  symptoms 

Diagnostic  modalities 

Neurologic 

Focal  neurological  deficits 

Headache 

Dizziness 

Altered  Level  of  Consciousness 

Seizures 

Coma 

CT  Noncontrast  Brain 

MRI  Brain 

MRA  Brain 

Pulmonary 

Shortness  of  Breath 

Dyspnea 

Hypoxemia 

Wheezing 

CXR 

CT  Chest 

CVS 

Chest  Pain 

Palpitations 

Chest  Tightness 

Acute  MI 

Cardiac  Enzymes 

Echocardiogram 

Hematologic 

Increased  Bleeding  Time 

Mucosal  Bleeding 

Anemia 

Fatigue 

CBC  with  diff 

PT/INR,  PTT,  fibrinogen, 
haptoglobin 

Ophthalmologic 

Blurry  Vision 

Retinal  Vein  Engorgement 

Progressive  loss  of  sight 

Papilledema 

Fundoscopic  Exam 

HVS  in  lymphoplasmacytic  lymphoma  (formerly 
known  as  Waldenstroms  Macrogloulinemia),  a  B 
cell  lymphoma  in  which  there  are  high  levels  of 
circulating  IgM  pentamers.  The  distribution  of 
the  gamma  globulins  also  plays  an  important 
clinical  role.  IgM,  predominantly  an  intravascu¬ 
lar  protein,  exerts  a  greater  effect  on  plasma  vis¬ 
cosity  compared  to  IgG  and  IgA  (which  are 
distributed  more  extravascularly)  [5]. 

Leukostasis  is  the  occlusion  of  blood  vessels 
caused  by  hyperviscous  blood  due  to  an  excessive 
number  of  circulating  white  blood  cells. 
Hyperleukocytosis  can  be  seen  in  both  acute  and 
chronic  leukemias  when  the  WBC  is  greater  than 
100,000  cells/mm3  and  is  more  common  when  in 
their  blast  form  [8].  Typically,  it  occurs  in  acute 
lymphoblastic  leukemia  (especially  T  cell  vari¬ 
ants),  acute  myeloid  leukemia,  and  chronic 
myeloid  leukemia  during  a  blast  crisis  [8].  These 
immature  blast  cells  (either  myeloblasts  or  lym¬ 
phoblasts)  are  larger  and  have  a  more  rigid  cellu¬ 
lar  membrane,  making  them  more  likely  to  cause 
leukostasis.  Occlusion  happens  in  small  capillar¬ 
ies,  and  the  excess  WBCs  release  toxins  that  can 
damage  the  vascular  endothelium  resulting 
in  local  rupture  and  hemorrhage  [8].  Leukostasis 


is  a  medical  emergency  when  life-threatening 
symptoms  develop  and  requires  emergent  cytore- 
duction.  In  our  case,  the  patient  exhibited  hyper¬ 
leukocytosis,  as  evidenced  by  his  WBC  of  145 
thou/mcL  and  symptoms  of  leukostasis. 

Diagnosis 

The  diagnosis  of  HVS  requires  a  high  degree  of 
clinical  suspicion  supported  by  laboratory  evi¬ 
dence  showing  an  elevated  protein  level  or  hyper¬ 
leukocytosis.  Table  76.2  shows  common  cutoffs 
for  which  symptoms  may  be  seen  in  both  para- 
proteinemias  as  well  as  various  blood  disorders. 
It  is  important  to  emphasize  that  HVS  remains 
primarily  a  clinical  diagnosis  that  is  additionally 
supported  by  laboratory  data. 

When  one  clinically  suspects  HVS  due  to 
paraproteinemia,  the  total  protein  level  must  be 
checked  to  see  if  it  is  elevated.  If  so,  the  next  step 
is  to  perform  a  serum  protein  electrophoresis. 
HVS  due  to  paraproteinemia  is  most  commonly 
seen  in  Waldenstrom  macroglobulinemia  with  an 
IgM  level  >3  g/dL  [5].  In  multiple  myeloma  with 
monoclonal  IgG  paraproteins,  HVS  does  not 
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appear  until  levels  are  >15  g/dL  [5].  In  IgA 
myeloma,  the  symptoms  usually  occur  with 
plasma  IgA  levels  >10  g/dL  [5].  The  intravascu¬ 
lar  distribution  of  IgM  explains  why  symptoms 
of  HVS  occur  at  a  much  lower  IgM  protein  level 
compared  to  both  IgG  and  IgA  paraproteinemias. 
In  our  case,  the  normal  albumin-protein  gap  sug¬ 
gests  that  a  paraproteinemia  was  not  the  underly¬ 
ing  etiology  of  the  patient’s  symptoms  and 
pointed  more  to  hyperleukocytosis. 

It  is  also  important  to  differentiate  hyperleu¬ 
kocytosis  from  a  leukemoid  reaction  when  there 
is  a  nonmalignant  etiology  for  the  leukocytosis. 
Leukemoid  reactions  are  seen  in  certain  infec¬ 
tions,  including  S.  Aureus ,  Pneumococcus,  tuber¬ 
culosis,  pertussis,  and  various  inflammatory 
conditions.  Differentiation  is  made  by  perform¬ 
ing  a  thorough  history,  physical  examination,  and 
a  peripheral  smear.  The  peripheral  smear  in  a  leu¬ 
kemoid  reaction  will  show  mature  lymphocytes 
and  granulocytes.  The  total  leukocyte  count  in  a 
leukemoid  reaction  is  typically  greater  than 
50,000/mm3  but  rarely  exceeds  100,000/mm3  [9]. 

Hyperleukocytosis  resulting  in  end-organ  dys¬ 
function  is  far  more  common  in  acute  myeloid  leu¬ 
kemia  (AML)  compared  to  acute  lymphoblastic 
leukemia  (ALL).  This  is  in  spite  of  the  fact  that 
ALL  typically  has  a  higher  WBC  count  [8] .  Certain 
subsets  of  AML  are  associated  with  hyperleukocy¬ 
tosis,  namely  myelomonocytic  AML  (FAB  M4) 
and  Monocytic  AML  (FAB  M5)  [10]. 
Hyperleukocytosis  is  often  seen  in  ALL,  though 
clinical  leukostasis  is  uncommon  [10]. 
Hyperleukocytosis  can  be  seen  in  two  different 


phases  of  CML:  when  CML  progresses  to  a  blast 
crisis,  or  when  it  has  been  untreated  in  the  chronic 
phase.  Similar  to  ALL,  chronic  lymphocytic  leu¬ 
kemia  (CLL)  commonly  presents  with  hyperleu¬ 
kocytosis,  though  leukostasis  is  not  seen  until  the 
WBC  is  much  higher.  Table  76.2  lists  the  common 
cell  count  cutoffs  for  which  leukostasis  may  pres¬ 
ent  i  in  various  leukemias.  While  these  values  pro¬ 
vide  a  good  guideline,  it  is  important  to  realize  that 
symptoms  may  be  present  at  much  lower  levels. 

Essential  thrombocytosis,  a  chronic  myelo¬ 
proliferative  disorder  can  present  as  a  hypervis¬ 
cosity  syndrome  when  platelet  counts  are  >1000 
thou/dL  [11].  In  this  case,  the  extreme  thrombo¬ 
cytosis  can  cause  symptoms  similar  to  leukosta¬ 
sis  and  platelet  pheresis  must  be  considered  to 
decrease  the  platelet  levels. 

Management 

In  the  critical  care  setting,  it  is  important  to  man¬ 
age  the  complications  of  HVS  as  they  arise.  Large 
bore  central  venous  access  (preferentially  with  a 
dialysis  catheter)  should  be  established  while 
awaiting  the  pheresis  team.  Pheresis  involves  the 
removal  of  a  specific  component  of  the  patient’s 
blood.  The  type  of  pheresis  required  depends  on 
the  specific  component  removed  (e.g.  leukapher- 
esis,  plasmapheresis,  platelet  pheresis,  etc.)  [12]. 
Given  the  high  tumor  burden  in  hyperleukocyto¬ 
sis,  it  is  important  to  monitor  for  signs  of  tumor 
lysis  syndrome  (TLS)  and  uric  acid,  potassium, 
phosphate,  and  renal  function  should  be  checked 


Table  76.2  A  general  guide  for  common  cutoffs  where  the  symptoms  of  hyperviscosity  may  present 


Common  cutoffs  for  hyperviscosity  syndromes 


Paraproteinemia 

IgM 

>3  g/dL 

IgA 

>10  g/dL 

IgG 

>15  g/dL 

Excessive  cellular  components 

AML 

>300  thou/dL 

ALL 

>600  thou/dL 

CML,  Blast  Phase 

>100  thou/dL 

CML,  Accelerated  Phase 

>100  thou/dL 

CML,  Chronic  Phase  (when  pregnant) 

>100  thou/dL 

Essential  Thrombocytosis 

>1000  thou/dL 

It  is  important  to  note  that  it  is  possible  for  symptoms  to  appear  at  lab  values  lower  than  those  listed 
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immediately  upon  identification  of  hyperleukocy¬ 
tosis  [13,  14].  Initial  management  includes 
aggressive  hydration,  allopurinol  to  prevent  TLS, 
and  correction  of  any  electrolyte  abnormalities. 
IV  fluids  should  be  free  of  both  potassium  and 
calcium  and  should  be  started  at  2-5  times  normal 
maintenance  fluids  [8].  Fluids  can  be  increased  in 
symptomatic  patients  and  in  those  with  persistent 
TLS.  Fluid  rates  should  be  decreased  in  anemic 
patients  with  a  hemoglobin  of  <6  as  this  hemodi- 
lution  may  precipitate  congestive  heart  failure  [9] . 
Platelets  should  be  transfused  if  <20, 000/mm3  to 
decrease  the  possibility  of  a  CNS  bleed.  Platelet 
transfusions  do  not  significantly  increase  blood 
viscosity.  In  cases  of  severe  anemia,  transfusions 
must  be  used  very  judiciously  before  pheresis  is 
initiated  as  RBCs  may  increase  serum  viscosity 
exacerbating  the  patient’s  clinical  symptoms  [4]. 
Monitoring  of  vitals  Q3-4  hours  should  be  per¬ 
formed  and  any  development  of  hemodynamic 
instability  could  indicate  a  hemorrhage  or  conges¬ 
tive  heart  failure.  Pulmonary  leukostasis  can 
result  in  respiratory  distress  and  hypoxic  respira¬ 
tory  failure  (as  in  our  case)  potentially  requiring 
mechanical  ventilator  support  [15].  Arterial  p02 
can  be  falsely  decreased  because  of  the  metabolic 
activity  of  malignant  cells,  a  phenomenon  termed 
‘leukocyte  larceny’  [16].  The  reduced  p02  in  the 
ABG  sample  is  attributed  to  02  consumption  by 
the  activated  leukocytes  after  the  blood  has  been 
drawn.  Pulse  oximetry  provides  a  more  accurate 
assessment  of  02  saturation  [16].  Pheresis  should 
continue  until  the  patient’s  symptoms  resolve  and 
the  components  being  pheresed  are  near  normal. 

Leukapheresis  results  in  a  reduction  of  a 
patient’s  white  blood  cell  count  by  20-60%  per 
session  [12].  Most  patients  only  require  a  single 
session  to  see  improvement  in  symptoms.  It  is 
important  to  remember  that  leukapheresis  is  only 
a  temporizing  measure  while  the  definitive  diag¬ 
nosis  is  being  determined.  Definitive  systemic 
therapy  directed  at  the  underlying  condition 
should  be  instituted  as  early  as  possible.  As  a 
general  rule  of  thumb,  leukapheresis  should  be 
considered  in  most  cases  of  symptomatic  leu¬ 
kostasis  that  are  the  result  of  hyperleukocytosis. 
The  exception  to  this  is  the  chronic  phase  of 
CML,  which  is  managed  differently  when  hyper¬ 


leukocytosis  is  present.  In  this  phase,  it  is  recom¬ 
mended  to  start  systemic  therapy  with  both 
hydroxyurea  and  a  tyrosine  kinase  inhibitor 
(TKI)  [17].  Hydroxyurea,  given  at  a  dose  of 
50-100  mg/kg  PO  has  been  shown  to  decrease 
WBC  by  50-80%  in  24-48  h  [18].  In  chronic 
phase  CML,  leukapheresis  is  typically  reserved 
for  those  that  are  pregnant,  given  that  hydroxy¬ 
urea  and  TKIs  are  not  recommended  during  preg¬ 
nancy  [18].  Leukapheresis  should  however  be 
considered  when  CML  has  progressed  to  either 
acute  blast  phase  or  accelerated  phase  and  has 
resulted  in  hyperleukocytosis. 

The  management  of  hyperviscosity  syndrome 
due  to  a  paraproteinemia  involves  supportive 
management  and  treatment  of  the  underlying  eti¬ 
ology.  Plasmapheresis  was  first  performed  in  the 
1950s  and  has  been  demonstrated  to  reverse  many 
of  the  clinical  manifestations  of  HVS  [19]. 
Plasmapheresis  involves  the  removal  of  whole 
plasma  (which  includes  both  the  pathogenic  sub¬ 
stance  as  well  as  essential  substances)  and 
replaces  it  with  a  substitution  fluid  that  is  appro¬ 
priately  similar  to  the  plasma  removed.  Typically, 
the  choice  of  replacement  fluid  is  either  fresh  fro¬ 
zen  plasma  or  4-6%  albumin  and  the  choice  of 
replacement  fluid  depends  on  both  the  coagula¬ 
tion  state  of  the  patient  as  well  as  their  immune 
status  [20].  Plasmapheresis  is  generally  well  tol¬ 
erated  and  adverse  reactions  are  similar  to  those 
of  transfusing  the  replacement  fluid  alone  (i.e.  in 
administering  FFP  there  is  concern  for  allergic 
reaction,  hypocalcemia,  and  a  risk  for  viral  infec¬ 
tion)  [20] .  Plasmapheresis  can  be  performed  daily 
until  the  resolution  of  symptoms  and  then  inter¬ 
mittently  for  symptom  control  [3].  If  plasmapher¬ 
esis  cannot  be  instituted  immediately,  phlebotomy 
in  conjunction  with  hydration  can  temporize 
symptoms  until  plasmapheresis  can  begin. 

Evidence  Contour 

There  are  many  potentially  controversial  aspects 
in  the  management  hyperviscosity  syndromes: 
how  to  measure  blood  viscosity,  the  lack  of 
procedural  standardization,  and  whether  leuka¬ 
pheresis  has  a  positive  effect  on  overall  survival. 
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How  to  Measure  Viscosity 

The  measurement  of  plasma  viscosity  has  not 
changed  significantly  since  the  1940s.  Viscosity 
is  assessed  via  a  ‘capillary  tube’  called  an  Ostwald 
tube  and  is  measured  by  observing  the  time 
required  for  serum  or  plasma  to  flow  through  this 
thin  ‘U’  shaped  glass  tube  under  the  influence  of 
gravity  [9].  The  more  viscous  the  sample,  the 
slower  it  flows  through  the  Ostwald  tube. 
Viscosity  of  normal  serum  is  1.4- 1.8  centipose 
and  it  is  rare  that  symptoms  of  hyperviscosity 
appear  until  the  serum  viscosity  is  >3.0  centipose 
[12].  There  are  two  major  limitations  in  using  this 
method  to  diagnose  hyperviscosity.  First,  this 
method  only  measures  plasma  viscosity  and 
while  this  is  useful  for  paraproteinemias,  it  can¬ 
not  be  used  to  assess  hyperviscosity  from  hyper¬ 
leukocytosis.  Second,  the  test  itself  is  difficult  to 
perform  given  that  the  Ostwald  tubes  are  fragile 
and  are  easily  broken.  Some  clinical  laboratories 
do  not  offer  this  test,  so  diagnosis  must  be  made 
primarily  by  clinical  symptoms  and  corrobora¬ 
tive  lab  findings. 

Lack  of  Procedural  Standardization 

Though  there  have  been  many  studies  illustrat¬ 
ing  an  improvement  in  symptoms  after  leuka- 
pheresis  in  HVS,  there  ultimately  lacks 
standardization  in  regards  to  the  procedure.  No 
studies  identify  when  it  is  best  to  begin  and  end 
leukapheresis,  nor  is  it  known  which  clinical 
and  laboratory  values  should  be  followed  in 
order  to  assess  adequate  response  to  therapy 
[12].  There  have  been  no  randomized  trials  for 
the  use  of  leukapheresis  for  hyperleukocytosis, 
but  given  that  the  procedure  is  generally  well 
tolerated,  many  oncologists  choose  to  have  the 
procedure  performed  while  awaiting  a  definitive 
diagnosis  [10]. 

Efficacy  of  Leukapheresis  in  AML 

Multiple  studies  have  looked  at  the  efficacy  of 
leukapheresis  in  the  treatment  of  AML  and  have 


demonstrated  variable  outcomes.  Leukapheresis 
was  associated  with  a  decrease  in  the  2-week 
mortality  rate,  but  the  procedure  showed  no 
improvement  in  overall  survival  [21].  This  lack 
of  survival  outcome  date  is  believed  to  be  a 
result  of  the  grim  prognosis  of  the  underlying 
disease  [21].  It  appears  that  the  features  most 
predictive  of  early  death  in  AML  is  not  related 
to  leukapheresis,  but  rather  other  patient  factors 
such  as  performance  status,  age,  and  disease 
complications  [10].  Despite  this,  there  is  a  gen¬ 
eral  improvement  in  morbidity  with  both  leuka¬ 
pheresis,  mostly  relating  to  a  decrease  in  end 
organ  hypoperfusion.  For  this  reason,  leuka¬ 
pheresis  is  still  recommended  initially  in  HVS 
due  to  AML. 


References 

1.  Shirley  K,  McNicholl  FP.  Blurred  vision  and  epi- 
staxis.  BMJ.  2014;348:g91. 

2.  Wu  YK,  Huang  YC,  Huang  SF,  Huang  CC,  Tsai 
YH.  Acute  respiratory  distress  syndrome  caused  by 
leukemic  infiltration  of  the  lung.  J  Formos  Med  Assoc. 
2008;107(5):419-23. 

3.  Khan  UA,  Shanholtz  CB,  McCurdy  MT.  Oncologic 
mechanical  emergencies.  Emerg  Med  Clin  North  Am. 
2014;32(3):495-508. 

4.  Adams  BD,  Baker  R,  Lopez  JA,  Spencer 

S.  Myeloproliferative  disorders  and  the  hyperviscos¬ 
ity  syndrome.  Emerg  Med  Clin  North  Am.  2009;27(3): 
459-76. 

5.  Kwaan  HC.  Role  of  plasma  proteins  in  whole  blood 
viscosity:  a  brief  clinical  review.  Clin  Hemorheol 
Microcirc.  2010;44(3):  167-76. 

6.  Kesmarky  G,  Kenyeres  P,  Rabai  M,  Toth  K.  Plasma 
viscosity:  a  forgotten  variable.  Clin  Hemorheol 
Microcirc.  2008;39(l-4):243-6. 

7.  Gertz  MA,  Kyle  RA.  Hyperviscosity  syndrome. 
J  Intensive  Care  Med.  1995;  10(3):  128-41. 

8.  Lawrence  J.  Critical  care  issues  in  the  patient  with 
hematologic  malignancy.  Semin  Oncol  Nurs. 
1994;10(3):  198-207. 

9.  Jain  R,  Bansal  D,  Marwaha  RK.  Hyperleukocytosis: 
emergency  management.  Indian  J  Pediatr.  2013;80(2): 
144-8. 

10.  Blum  W,  Porcu  P.  Therapeutic  apheresis  in  hyperleu¬ 
kocytosis  and  hyperviscosity  syndrome.  Semin 
Thromb  Hemost.  2007;33(4):350-4. 

11.  Gugliotta  L,  et  al.  Epidemiological,  diagnostic,  thera¬ 
peutic,  and  prognostic  aspects  of  essential  thrombocy- 
themia  in  a  retrospective  study  of  the  GIMMC  group 
in  two  thousand  patients.  Blood.  1997;90:348a. 


76  Management  of  Hyperviscosity  Syndromes 


653 


12.  Nakanishi  T,  Suzuki  N,  Kuragano  T,  Nagasawa  Y, 
Hasuike  Y.  Current  topics  in  therapeutic  plasmapher¬ 
esis.  Clin  Exp  Nephrol.  2014;18(l):41-9. 

13.  Shelat  Suresh  G.  Practical  considerations  for  planning 
a  therapeutic  apheresis  procedure.  Am  J  Med. 
2010;123(9):777-84. 

14.  Porcu  P,  Cripe  LD,  Ng  EW,  Bhatia  S,  Danielson  CM, 
Orazi  A,  McCathy  LJ.  Hyperleukocytic  leukemias 
and  leukostasis:  a  review  of  pathophysiology,  clini¬ 
cal  presentation  and  management.  Leuk  Lymphoma. 
2000;39(1-2):1. 

15.  Azoulay  E,  Fieux  F,  Moreau  D.  Acute  monocytic  leu¬ 
kemia  presenting  as  acute  respiratory  failure.  Am 
J  Respir  Crit  Care  Med.  2003;  167: 1329. 

16.  Sacchetti  A,  Grynn  J,  Pope  A,  Vasso  S.  Leukocyte  lar¬ 
ceny:  spurious  hypoxemia  confirmed  with  pulse 
oximetry.  J  Emerg  Med.  1990;8(5):567-9. 


17.  Cortes  J,  Kantarjian  H.  How  I  treat  newly  diag¬ 
nosed  chronic  phase  CML.  Blood.  2012;  120(7): 
1390-7. 

18.  Grund  FM,  Armitage  JO,  Burns  P.  Hydroxyurea 
in  the  prevention  of  the  effects  of  leukostasis  in 
acute  leukemias.  Arch  Internal  Med.  1977;  137(9): 
1246-7. 

19.  Stone  MJ,  Bogen  SA.  Evidence-based  focused  review 
of  management  of  hyperviscosity  syndrome.  Blood. 
2012;119(10):2205-8. 

20.  Kwaan  HC.  Hyperviscosity  in  plasma  cell  dyscrasias. 
Clin  Hemorheol  Microcirc.  2013;55(l):75-83. 

21.  Porcu  P,  Danielson  CF,  Orazi  A,  Heerema  NA,  Gabig 
TG,  McCarthy  LJ.  Therapeutic  leukapheresis  in 
hyperleucocytic  leukaemias:  lack  of  correlation 
between  degree  of  cytoreduction  and  early  mortality 
rate.  Br  J  Haematol.  1997;98(2):433-6. 


Part  X 


Surgical 


Lena  M.  Napolitano 


Thoracic  Trauma 


77 


Katherine  M.  Klein  and  Krishnan  Raghavendran 


Case  Presentation 

A  47  year  old  man  with  a  history  of  hypertension 
and  coronary  artery  disease  was  involved  in  a 
multiple  car  motor  vehicle  accident.  He  was  the 
restrained  driver  in  a  head-on  collision  going 
approximately  55  mph.  He  was  noted  to  have  a 
GCS  of  12  (eyes  3,  verbal  4,  motor  5)  at  the  scene 
and  was  transported  to  the  emergency  department 
for  further  evaluation.  Upon  examination  in  the 
emergency  department  his  first  set  of  vitals  were 
T  37C,  HR  110,  BP  110/85,  RR  22,  Sp02  90%, 
GCS  11  (eyes  3,  verbal  3,  motor  5).  He  was  noted 
to  have  paradoxical  chest  rise,  diminished  breath 
sounds  on  the  left,  tracheal  deviation  to  the  right, 
multiple  ecchymosis  to  his  anterior  chest  wall 
bilaterally,  and  subcutaneous  emphysema  to  his 
left  anterior  chest  wall.  The  remainder  of  his 
exam  was  unremarkable  (Fig.  77.1). 

Question  What  is  the  diagnosis  and  what  should 
be  the  next  step  of  management? 


Electronic  supplementary  material  The  online  version 
of  this  chapter  (doi:10.1007/978-3-319-43341-7_77)  con¬ 
tains  supplementary  material,  which  is  available  to  autho¬ 
rized  users. 
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Answer  Tension  pneumothorax  and  needle 
decompression  with  subsequent  tube  thoracos¬ 
tomy  insertion. 

Evacuation  of  pleural  air  is  the  most  important 
first  step  in  a  tension  pneumothorax  and  can  be 
done  via  needle  decompression  or  catheter  drain¬ 
age  [1].  After  a  tube  thoracostomy  was  placed, 
100  mL  of  blood  was  evacuated  from  the  chest. 
The  chest  tube  was  placed  to  suction  through  a 
pleur-evac  system.  A  post  procedure  chest  x-ray 
was  obtained  which  showed  the  chest  tube  in 
proper  posterior-apical  position  with  the  last 
drainage  hole  within  the  chest  cavity.  The  patient 
was  stabilized  and  a  chest  CT  was  performed 
which  revealed  multiple  rib  fractures,  consistent 
with  a  flail  chest  segment,  multiple  areas  of  lung 
contusion,  and  bilateral  basilar  pleural  effusions. 

The  patient’s  inspiratory  effort  became  poor 
and  he  had  multiple  episodes  of  desaturation.  An 
arterial  blood  gas  showed  a  pH  7.27,  C02  55,  02 
65,  HC03  25.  The  patient  was  subsequently  intu¬ 
bated  and  placed  on  volume  control  mechanical 
ventilation,  tidal  volume  400  mL,  respiratory  rate 
18,  pressure  support  10,  PEEP  8,  FI02  100%. 
Fluid  balance  was  carefully  monitored  during  his 
intubated  status  and  protective  lung  ventilation 
was  maintained. 

The  patient  required  IV  pain  control  with 
placement  of  an  epidural  catheter  for  pain  associ¬ 
ated  with  his  multiple  rib  fractures  and  flail  seg¬ 
ment.  Over  the  next  few  days  the  pain  was  well 
controlled,  hypoxia  associated  with  lung  contu¬ 
sions  improved,  daily  spontaneous  breathing  and 
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Fig.  77.1  Chest  x-ray  of  a  45  year  old  male  a  victim  of 
blunt  trauma  demonstrating  left  sided  tension  pneumotho¬ 
rax  with  rib  fractures 

awakening  trials  were  performed  and  the  patient 
was  successfully  extubated.  Chest  tubes  were 
removed  after  complete  resolution  of  his  pneu¬ 
mothorax  and  hemothorax  and  the  patient  was 
subsequently  discharged  to  a  rehabilitation 
center. 

Principles  of  Management 
Pneumothorax 

Pneumothoraces  associated  with  trauma  can  be 
diagnosed  by  clinical  exam  and  radiological  stud¬ 
ies.  Patients  often  present  with  shortness  of  breath, 
chest  pain,  cough,  and  tachypnea  [2].  Clinical  pre¬ 
sentations  of  tension  pneumothorax  also  include 
chest  pain,  dyspnea,  tachypnea,  and  hypoxia,  but 
additionally  present  with  jugular  venous  disten¬ 
tion,  contralateral  tracheal  deviation,  subcutane¬ 
ous  emphysema,  and  hyper-resonance  to 
percussion  [3].  High  clinical  suspicion  for  tension 
pneumothorax  should  lead  to  immediate  needle 
decompression  and  then  tube  thoracostomy  inser¬ 
tion.  Diagnosis  of  pneumothorax  can  be  done 
with  chest  x-ray,  ultrasound  (Videos  77.1  and 
77.2)  or  chest  CT2.  Small  spontaneous  pneumo¬ 
thoraces,  not  associated  with  trauma,  can  be 
observed  clinically  and  a  chest  tube  can  be 
deferred  unless  the  patient  becomes  symptomatic 
or  the  pneumothorax  expands  [4].  Traumatic 
pneumothorax  should  be  treated  with  closed  tube 
thoracostomy  (chest  tube)  placement. 


Hemothorax 

Once  there  is  suspicion  for  a  hemothorax,  on 
either  radiological  findings  or  clinical  concern,  a 
tube  thoracostomy  should  be  performed. 
Diagnosis  can  be  confirmed  with  plain  chest 
films,  looking  for  a  meniscus  sign  of  fluid  blunt¬ 
ing  the  costo-phrenic  angle  or  diaphragmatic  sur¬ 
face  (Fig.  77.2).  Approximately  400-500  mL  of 
fluid  is  required  to  cause  blunting  of  the  costo- 
phrenic  angle  in  a  traditional  upright  chest  x-ray. 
Additionally,  ultrasound  can  be  useful  to  detect 
fluid;  however,  the  precise  quantitative  measure¬ 
ment  of  the  amount  of  blood  in  the  pleural  cavity 
is  often  user  dependent.  Finally,  computed 
tomography  with  the  administration  of  intrave¬ 
nous  contrast  of  the  chest  allows  for  a  global  pic¬ 
ture  of  thoracic  anatomy  and  can  be  useful  in 
patients  who  may  also  have  to  be  ruled  out  for 
aortic  injury  and  operative  planning  for  repair. 

If  the  initial  placement  of  a  chest  tube  drains 
more  than  1500  mL  within  a  24-h  period  or 
demonstrates  a  continuing  bloody  output  for 
more  than  150-200  ml  per  hour  for  4  h,  massive 
hemothorax  is  diagnosed  and  a  surgical  inter¬ 
vention  in  the  form  of  a  postero-lateral  thora¬ 
cotomy  should  be  considered  for  hemorrhage 
control  [5].  Persistent  retained  hemothorax,  as 
defined  as  a  hemothorax  that  persists  after  chest 
tube  insertion  and  attempted  drainage  proce¬ 
dures,  should  be  treated  with  early  video- 
assisted  thoracoscopic  surgery  (VATS)  rather 
than  repeated  attempted  drainage  with  addi¬ 
tional  chest  tubes  to  avoid  long-term  lung  scar¬ 
ring,  pleural  thickening,  and  infection/empyema 
formation  [5]  (Fig.  77.2). 

Rib  Fractures 

Rib  fractures  are  the  most  common  injury  in 
blunt  chest  trauma  and  can  occur  in  50%  of 
cases  [6].  Injury  to  the  first  3  ribs  usually 
requires  high-energy  trauma,  fractures  of  fourth 
to  eighth  ribs  are  most  common,  and  fractures  of 
the  ninth  to  twelfth  ribs  usually  indicate  the  pos¬ 
sibility  of  co-existing  infra- abdominal  injury. 
Clinical  suspicion  for  rib  fractures  includes, 
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Fig.  77.2  Patient  with  a  retained  left  Hemothorax-  Was  taken  to  the  operating  room  4  days  following  initial  trauma.  A 
video-assisted  thoracoscopy  was  performed.  Intra-operative  pictures  confirm  the  presence  of  a  large  hemothorax 


splinting,  localized  pain,  overlying  skin  changes 
including  ecchymosis  or  subcutaneous  emphy¬ 
sema,  and/or  respiratory  distress.  A  paradoxical 
chest  rise  with  inspiration  and  expiration  is  typi¬ 
cally  consistent  with  rib  fractures  involving 
multiple  sites  and  ribs.  Diagnosis  can  be  made 
with  plain  films  of  the  chest,  but  this  method  has 
sensitivity  as  low  as  15  %  [7].  Therefore,  use  of 
CT  imaging  of  the  thorax  allows  for  confirma¬ 
tion  of  the  diagnosis  of  rib  fractures  and  3-D 
reconstruction  of  the  thoracic  wall  for  potential 
operative  planning  [7].  The  treatment  of  rib 
fractures  includes  adequate  pain  control  and 
aggressive  pulmonary  toilet  [8].  Typically  the 
physiological  derangement  associated  with  rib 
fractures  is  predominantly  due  to  the  underlying 
lung  contusion  [9,  10]. 


Lung  Contusion 

Blunt  chest  trauma  is  involved  in  nearly  one- 
third  of  acute  trauma  admissions  to  the  hospital, 
and  lung  contusion  (LC)  (Fig.  77.3)  is  an  inde¬ 
pendent  risk  factor  for  the  development  of  acute 
lung  injury  (ALI),  acute  respiratory  distress  syn¬ 
drome  (ARDS),  and  ventilator-associated  pneu¬ 
monia  (VAP)  [9,  11].  The  lung  is  also  the  second 
commonest  organ  involved  in  blast  trauma- 
induced  LC,  which  often  has  a  peri-hilar  distri¬ 
bution  and  carries  a  high  risk  of  mortality  [12]. 
When  LC  injury  leads  to  hypoxemia  severe 
enough  to  meet  the  definition  of  ARDS,  the 
prognostic  and  economic  impacts  are  significant. 
In  a  2004  study  of  trauma  patients,  the  incremen¬ 
tal  hospital  cost  per  patient  with  ARDS  ($36,713 
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Fig.  77.3  Chest  CT  scan  showing  bilateral  lung 
contusion-presence  of  involvement  of  the  non-dependent 
lobes  with  evidence  of  trauma  are  indicative  of  lung  con¬ 
tusion.  Other  pertinent  differential  diagnosis  should 
include  gastric-aspiration  induced  lung  injury 

or  $59,633,  respectively)  was  much  higher  than 
for  patients  without  ARDS  ($24,715)  [13]. 

The  pathophysiology  of  pulmonary  contusion 
and  blunt  chest  trauma  includes  inflammation, 
increased  alveolo-capillary  permeability  and  pul¬ 
monary  edema,  ventilation/perfusion  mismatch¬ 
ing,  increased  intrapulmonary  shunting,  and  a 
loss  of  compliance  [14].  Treatment  modalities 
outside  of  the  standard  treatment  of  other  forms 
of  lung  injury  such  as  a  conservative  fluid  strat¬ 
egy,  mechanical  ventilation  with  lung  protective 
strategy  and  analgesic  management  of  associated 
rib  fractures  are  currently  under  investigation. 

Evidence  Contour 
Pneumothorax 

Several  areas  of  management  of  pneumthoraces 
still  remain  controversial.  Traditionally,  all  sizes 
of  post-traumatic  pneumothoraces  required 
chest  tube  drainage.  However,  a  small  pneumo¬ 
thorax  in  a  clinically  stable  patient  can  be 
observed  with  repeat  chest  x-ray  and  a  tube  can 
be  avoided  unless  the  patient  develops  respira¬ 
tory  distress  or  the  pneumothorax  expands  on 
chest  plain  film  [5]. 

The  use  of  smaller  14-Fr  pigtail  catheters  has 
also  been  a  new  addition  to  the  treatment  algorithm 
in  the  management  of  pneumothorax.  This  proce¬ 
dure  has  been  shown  to  reduce  pain  associated  with 


chest  tube  placement  as  well  as  tube  placement 
duration,  and  is  equally  effective  at  draining  pleural 
air  as  larger,  more  traditional  chest  tubes  [15]. 

The  use  of  continuous  negative  pressure  once 
the  chest  tube  is  placed,  as  well  as  the  optimal 
timing  for  water  seal  prior  to  removal  has  also 
had  some  controversy.  In  patients  without  a  con¬ 
tinued  air-leak,  the  chest  tube  can  be  placed  to 
water  seal  and  does  not  require  negative  pres¬ 
sure  [16]. 

The  routine  use  of  chest  x-rays  after  insertion 
as  well  as  removal  of  chest  tubes  has  also  been 
investigated.  Many  institutions  have  created  pro¬ 
tocols  that  require  a  chest  x-ray  (CXR)  after 
insertion  of  a  chest  tube.  Newer  studies  are  now 
finding  that  this  routine  study  rarely  changes  the 
clinical  course  for  the  patient  and  clinical  evalua¬ 
tion  of  the  patient  and  tube  drainage  can  alert  the 
practitioner  to  problems  that  may  exist  [17]. 
Traditional  protocols  have  centered  on  obtaining 
CXRs  after  chest  tube  removal.  If  a  patient  is  not 
mechanically  ventilated  and  has  appropriate 
mental  status  to  communicate  symptoms  of 
respiratory  distress,  a  post-chest  tube  removal 
CXR  is  not  required  [18,  19]. 

Hemothorax 

Much  of  the  controversy  surrounding  hemo¬ 
thorax  management  is  related  to  utilization  and 
timing  of  thoracotomy  versus  video-assisted 
thoracoscopic  surgery  (VATS).  Traditional  cri¬ 
teria  for  an  urgent  thoracotomy  included  more 
than  1500  mL  of  blood  evacuated  from  the 
chest  with  initial  chest  tube  insertion,  persis¬ 
tent  bleeding  from  the  chest  with  150  mL/h  to 
200  mL/h  for  2-4  h,  or  persistent  blood  trans¬ 
fusion  required  to  maintain  hemodynamic  sta¬ 
bility  [5].  The  use  of  VATS  versus  open 
thoracotomy  has  also  been  evaluated  given  that 
open  thoracotomies  are  associated  with  severe 
incisional  pain,  increased  hospital  length  of 
stay,  and  high  infection  rates  [20].  In  multiple 
meta-analyses,  VATS  has  been  shown  to  be  as 
effective  as  open  thoracotomy  and  can  reduce 
the  amount  of  chest  tube  drainage,  duration  of 
tube  drainage,  duration  of  hospitalization, 
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operation  time,  and  amount  of  bleeding  and  need 
for  transfusion  when  compared  to  non-operative 
management  and  open  thoracotomy  [20,  21]. 

For  retained  hemothorax,  the  timing  of  VATS 
has  been  investigated.  Early  VATS,  before  day 
three,  for  retained  hemothorax  has  been  shown  to 
decrease  operative  difficulty,  contamination  of 
the  clot,  and  hospital  length  of  stay  when  com¬ 
pared  to  procedures  that  were  performed  later 
than  6  days  [5,  21].  In  an  effort  to  reduce  the 
number  of  operative  procedures  performed  for 
retained  hemothorax,  the  use  of  fibrinolytics  has 
also  been  proposed.  Based  on  clinical  evidence, 
the  routine  use  of  fibrinolytics  for  retained  hemo¬ 
thorax  cannot  be  routinely  recommended  and  is 
reserved  for  patients  who  are  otherwise  high  risk 
for  surgical  intervention  [5]. 

Rib  Fractures 

Traditionally,  rib  fractures  have  been  managed 
non-operatively  with  a  major  emphasis  on 
appropriate  pain  control.  Patients  with  multiple 
rib  fractures  are  at  increased  risk  for  atelectasis, 
hospital-acquired  pneumonia,  and  subsequent 
deterioration  into  respiratory  failure  requiring 
mechanical  ventilation  [22] .  The  particular  use 
of  thoracic  epidural  analgesia  has  been  shown 
to  improve  clinical  status,  reduced  rates  of 
pneumonia,  a  reduced  length  of  ICU  stay,  and 
improved  pain  ratings  by  patients  [22]. 
However,  further  research  still  needs  to  be  com¬ 
pleted  in  this  area  regarding  trauma  patients 
that  are  mechanically  ventilated,  have  coagu¬ 
lopathy  disorders,  or  have  rib  fractures  involv¬ 
ing  the  first  four  ribs. 

Operative  management  of  rib  fractures  has 
also  been  extensively  studied  and  is  still  rou¬ 
tinely  under-utilized.  Appropriate  timing  for 
surgical  rib  fixation  (Fig.  77.4)  is  still  unknown 
and  early  data  has  suggested  that  earlier  fixa¬ 
tion  of  flail  segments  can  lead  to  shorter  ICU 
and  hospital  lengths  of  stay  [23].  Two  sys¬ 
tematic  reviews  suggest  that  surgical  fixation 
of  rib  fractures  and  flail  chest  may  have  ben¬ 
efits,  however  the  analyses  are  based  on  the 
pooling  of  primarily  small  retrospective  and 


few  prospective  studies  [24,  25].  However,  a 
review  of  current  literature  does  suggest  that  the 
overall  morbidity  of  rib  fractures  may  be  a  result 
of  underlying  lung  contusion.  Routine  availabil¬ 
ity  of  plating  material,  as  well  as  knowledge  and 
training  in  surgical  implantation  is  still  growing 
and  may  become  the  standard  of  care  for  these 
patients  in  the  future. 

Lung  Contusion 

The  areas  of  controversy  with  respect  to  lung 
contusion  is  the  relationship  to  ARDS.  While 
there  are  some  studies  that  show  that  the  per¬ 
centage  of  area  involved  (typically  more  than 
40%)  is  associated  with  an  increased  risk  for 
ARDS,  this  relationship  is  not  linear. 
Additionally  from  multiple  studies  done  using 
animal  models,  it  is  well  understood  that  the 
generation  of  acute  inflammatory  response  fol¬ 
lowing  lung  contusion  is  responsible  for  deteri¬ 
oration  to  ARDS.  Finally,  other  factors  that  have 
been  studied  to  be  responsible  for  the  deteriora¬ 
tion  of  contusion  to  ARDS  involves  associated 
second  hit  injuries  to  the  lung  such  as  VAP  and 
aspiration-induced  lung  injury. 

As  described  above,  lung  contusion  is  an 
independent  risk  factor  for  ARDS  and  VAP.  The 
treatment  of  lung  contusion,  independent  of 
ARDS  and  VAP,  has  few  specific  elements  inde¬ 
pendent  of  conservative  fluid  therapy,  lung  pro¬ 
tective  strategy,  and  pain  control  for  associated 
rib  fractures.  Specific  therapeutic  strategies  to 
improve  oxygenation  and  alter  the  inflammatory 
response  in  trauma  patients  with  LC  continues  to 
be  a  challenge.  A  few  studies  have  suggested 
improvements  with  intravenous  corticosteroids 
or  antioxidants  in  animal  models  [26],  but  pre¬ 
cise  randomized  studies  in  trauma  patients  have 
not  yet  been  carried  out.  Similarly,  improve¬ 
ments  in  lung  function  with  exogenous  surfac¬ 
tants  in  LC  have  been  noted  in  animal  models 
[27,  28],  but  this  has  not  been  translated  to  clini¬ 
cal  studies  in  patients  with  LC.  Finally,  specific 
modalities  of  mechanical  ventilation,  such  as 
APRV,  have  been  investigated  in  non-random- 
ized  trials  with  improved  benefit. 
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Fig  .  77.4  (a)  Chest  CT  scans  reconstructions  shows  multiple  rib  fractures.  This  type  of  imaging  is  typically  done  prior 
to  plate  fixation  seen  in  image  (b)  This  procedure  requires  an  extensive  extra-pleural  approach 
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Case  Presentation 

A  38  year  old  male  with  no  significant  past  medi¬ 
cal  history  presents  as  a  Class  1  trauma  after  a 
motorcycle  collision  at  60  miles  per  hour.  The 
patient  was  wearing  a  helmet  and  had  loss  of  con¬ 
sciousness.  En  route  to  the  hospital,  the  patient  had 
a  blood  pressure  of  86/40  and  a  heart  rate  of  120. 
EMS  placed  a  cervical  collar,  inserted  2  large-bore 
peripheral  IVs  and  administered  2  L  of  isotonic 
crystalloid.  On  arrival  to  emergency  room,  the 
patient  has  a  blood  pressure  of  110/60  and  a  heart 
rate  of  80.  His  Glasgow  Coma  Scale  is  15.  He 
complains  of  left-sided  shoulder  pain.  He  has 
bilateral  equal  but  decreased  breath  sounds.  His 
abdomen  is  soft  and  mildly  tender  in  the  left  upper 
quadrant.  He  has  no  evidence  of  other  injuries. 

Question  How  should  this  patient  be  managed? 

Answer  Advanced  Trauma  Life  Support  (ATLS) 
guidelines  [1] 

This  is  a  multiply  injured  blunt  trauma  patient 
with  hypotension  responsive  to  fluid  administration. 
Management  should  proceed  along  ATLS  guide¬ 
lines.  This  starts  with  the  ABCs  of  trauma:  evalua¬ 
tion  of  the  Airway  with  cervical  spine  stabilization, 
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Breathing  and  Circulation  with  external  hemorrhage 
control.  The  patient  is  able  to  talk  and  currently  does 
not  need  an  airway.  Cervical  spine  protection  is 
maintained.  He  is  breathing  easily.  The  patient  has 
already  received  2  L  of  crystalloid.  If  the  patient 
demonstrates  continued  signs  of  bleeding,  his  resus¬ 
citation  should  continue  with  blood  products. 

The  next  task  is  to  figure  out  if  the  initial 
hypotension  reflects  intra-cavitary  hemorrhage. 
A  chest  x-ray,  pelvis  film  and  a  focused  assess¬ 
ment  of  sonography  in  trauma  (FAST)  exam 
should  be  performed  [1-4]. 

If  there  is  fluid  on  FAST  exam  and  the  patient 
becomes  hemodynamically  unstable,  he  should 
be  taken  to  the  operative  room.  However,  as  this 
patient  is  hemodynamically  stable,  further  imag¬ 
ing  can  be  performed. 

Minimal  fluid  was  seen  on  FAST  exam  in  the 
left  upper  quadrant.  CT  imaging  confirmed  mul¬ 
tiple  left-sided  rib  fractures  with  underlying  pul¬ 
monary  contusions,  left  scapula  fracture  and 
grade  III  splenic  laceration  with  active  contrast 
extravasation  (Fig.  78.1).  Splenic  angioemboli- 
zation  was  indicated  for  treatment  as  the  patient 
was  hemodynamically  stable  (Fig.  78.2).  Post¬ 
procedure  ICU  admission  was  indicated  for  serial 
abdominal  examinations  and  monitoring  for 
bleeding.  His  hemoglobin  remained  stable  and 
his  scapula  fracture  was  managed  with  closed 
reduction  and  a  sling.  Thoracic  epidural  analge¬ 
sia  was  used  for  pain  management  associated 
with  his  rib  fractures.  He  was  discharged  in  stable 
condition  on  hospital  day  5  (Fig.  78.3). 
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Fig.  78.1  Arrows  mark  site  of  active  extravasation  fol¬ 
lowing  splenic  trauma 


Fig.  78.2  Splenic  bleeding  site  confirmed  by 
angiography 


Principles  of  Management 

Unstable  Versus  Stable  Blunt 
Abdominal  Trauma 

The  initial  management  of  blunt  intra- abdominal 
injuries  depends  crucially  on  whether  the  patient 
is  hemodynamically  stable  or  unstable.  Trauma 
patients  who  are  unstable  are  bleeding  until 


3.  Pelvis 


Fig.  78.3  FAST  -  Location  of  probe  placement  for  the 
trauma  examination  (u.  surgery.  (2009).  Focused 
Abdominal  Sonography  for  Trauma  [PowerPoint  slides]. 
Retrieved  from  http://www.slideshare.net/u. surgery/ 
focused-abdominal-sonography-for-trauma) 

proven  otherwise,  and  prompt  evaluation  is  indi¬ 
cated  to  determine  the  source  of  bleeding.  There 
are  5  areas  into  which  a  trauma  patient  can  bleed 
to  death  -  the  chest,  the  abdomen,  the  pelvis  and 
retroperitoneum,  the  thigh  and  externally  [1]. 

The  location  of  bleeding  can  be  determined 
quickly  with  minimal  testing  in  the  trauma  bay.  A 
chest  x-ray  and  pelvis  film  will  determine  if  a 
patient  has  a  massive  hemothorax  or  an  open  pelvic 
fracture,  respectively.  The  FAST  exam  rapidly 
evaluates  4  areas:  the  pericardium,  the  area  between 
liver  and  right  kidney,  the  area  between  spleen  and 
left  kidney,  and  the  suprapubic  area,  with  any  free 
fluid  presumed  to  represent  hemorrhage  [1]. 
Alternatively,  a  diagnostic  peritoneal  aspiration 
(DPA)  or  lavage  (DPL)  can  be  used  to  determine  if 
there  is  fluid  or  blood  within  the  peritoneal  cavity. 

Patients  with  blunt  injury  who  are  hemody¬ 
namically  unstable  with  evidence  of  intraperito- 
neal  hemorrhage  on  FAST  or  DPL  should  be 
taken  to  the  operating  room  for  an  immediate 
laparotomy  [5-9] .  Patients  who  are  hemodynam¬ 
ically  stable  can  proceed  with  further  3D  imaging 
and  nonoperative  management.  The  current 
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Table  78.1  Spleen  injury  scale 


Grade 

Injury  type 

Description  of  injury 

AIS-90 

I 

Hematoma 

Subcapsular,  <10%  surface  area 

2 

Laceration 

Capsular  tear,  <1  cm  parenchymal  depth 

2 

II 

Hematoma 

Subcapsular,  10-50%  surface  area  intraparenchymal,  <5  cm  in  diameter 

2 

Laceration 

Capsular  tear,  1-3  cm  parenchymal  depth  that  does  not  involve  a  trabecular 
vessel 

3 

III 

Hematoma 

Subcapsular,  >50%  surface  area  of  expanding;  ruptured  subcapsular  or 
parenchymal  hematoma;  intraparenchymal  hematoma  >5  cm  or  expanding 

3 

Laceration 

>3  cm  parenchymal  depth  or  involving  trabecular  vessels 

3 

IV 

Laceration 

Laceration  involving  segmental  or  hilar  vessels  producing  major 
devascularization  (>25  %  of  spleen) 

4 

V 

Laceration 

Completely  shattered  spleen 

5 

Vascular 

Hilar  vascular  injury  which  devascularizes  spleen 

5 

management  of  blunt  hepatic  and  splenic  injury 
is  selective  nonoperative  management  (NOM) 
with  operative  management  in  those  patients  who 
present  with  hemodynamic  instability  or  have 
ongoing  evidence  of  bleeding  [9-12]. 

Balanced  Resuscitation 

A  tenet  of  trauma  resuscitation  is  ensuring  that 
patients  have  appropriate  intravenous  access  [1]. 
Most  patients  can  be  managed  with  two  large-bore 
(14-16  g)  peripheral  intravenous  catheters.  The  type 
and  amount  of  IVF  that  is  optimal  for  trauma  patients 
is  constantly  debated.  Crystalloids  are  associated 
with  improved  survival  in  trauma  patients  compared 
to  colloids  [13].  Lactated  Ringer’s  is  preferred  to 
Normal  Saline  because  it  is  associated  with  less  met¬ 
abolic  acidosis  in  the  setting  of  massive  hemorrhagic 
shock  in  animal  models  [14]. 

The  Inflammation  and  Host  Response  to  Injury 
Project  defined  a  systolic  blood  pressure  less  than 
90  mmHg  and/or  a  heart  rate  greater  than  130 
beats  per  minute  as  indicative  of  shock  in  a  trau- 
matically  injured  patient  [15].  ATLS  guidelines 
also  recommend  the  initial  administration  of  1-2  1 
of  isotonic  crystalloid  in  the  resuscitation  of  a 
trauma  patient  [1].  For  a  patient  that  requires  fur¬ 
ther  resuscitation,  the  administration  of  blood 
products  is  recommended,  as  excessive  crystalloid 
resuscitation  has  been  associated  with  increased 
morbidity  and  length  of  stay  in  blunt  trauma 
patients  [16].  Two  recent  trials  investigating  the 


timing  and  ratio  of  blood  product  administration 
have  shown  improved  mortality  with  the  early 
administration  of  plasma  [17]  and  better  hemosta¬ 
sis  with  fewer  deaths  from  exsanguination  without 
adverse  effects  with  the  administration  of  blood, 
plasma  and  platelets  in  a  1:1:1  ratio  [18]. 

Prompt  hemorrhage  control  should  be  the  main 
goal  of  hemorrhagic  shock  management,  and  can 
be  accomplished  through  the  use  of  external  hem¬ 
orrhage  control,  Interventional  Radiology  for 
angioembolization  or  a  surgical  procedure. 

Imaging  and  Diagnosis 

Solid  organ  injury  after  blunt  abdominal  trauma  in 
stable  patients  is  best  visualized  by  CT  scan  abdo¬ 
men  and  pelvis  with  IV  contrast  [5-8].  The  severity 
of  liver  and  spleen  injuries  can  be  classified  accord¬ 
ing  to  the  American  Association  for  the  Surgery  of 
Trauma  organ  grading  scales  (Tables  78.1  and 
78.2)  [19].  Blunt  hollow  viscus  injury  is  uncom¬ 
mon  but  should  be  suspected  in  patients  with 
extraluminal  air  on  3-D  imaging,  frank  succus  or 
particulate  material  on  peritoneal  lavage  or  evolv¬ 
ing  peritonitis  on  serial  examination. 

Nonoperative  Management  (NOM) 
of  Blunt  Solid  Organ  Injury 

Patients  who  are  hemodynamically  stable  with¬ 
out  peritonitis  and  are  found  to  have  a  blunt 
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Table  78.2  Liver  injury  scale 


Grade 

Injury  type 

Description  of  injury 

AIS-90 

I 

Hematoma 

Subcapsular,  <10%  surface  area 

2 

Laceration 

Capsular  tear,  <1  cm  parenchymal  depth 

2 

II 

Hematoma 

Subcapsular,  10-50%  surface  area  intraparenchymal  <10  cm  in  diameter 

2 

Laceration 

Capsular  tear  1-3  parenchymal  depth,  <10  cm  in  length 

2 

III 

Hematoma 

Subcapsular,  >50%  surface  area  of  ruptured  subcapsular  or  parenchymal 
hematoma;  intraparenchymal  hematoma  >10  cm  or  expanding 

3 

Laceration 

>3  cm  parenchymal  depth 

3 

IV 

Laceration 

Parenchymal  disruption  involving  25-75  %  of  hepatic  lobe  or  1-3 
Couinaud’s  segments 

4 

V 

Laceration 

Parenchymal  disruption  involving  >75  %  of  hepatic  lobe  or  >3 

Couinaud’s  segments  within  a  single  lobe 

5 

Vascular 

Juxtahepatic  venous  injuries;  ie,  retrohepatic  vena  cava/central  major 
hepatic  veins 

5 

VI 

Vascular 

Hepatic  avulsion 

6 

spleen  or  liver  injury  can  undergo  NOM  [5-8, 10, 
20].  NOM  involves  a  period  of  in-hospital  obser¬ 
vation,  serial  abdominal  examinations,  serial 
hematocrit  measurements  and  possibly  a  period 
of  bedrest  [5,  6].  NOM  should  be  undertaken  in 
an  environment  and  institution  where  patients 
can  be  appropriately  monitored,  undergo  serial 
abdominal  exams  and  the  capability  to  provide 
operative  intervention  is  readily  available.  Blunt 
kidney  injuries  are,  in  general,  also  treated  suc¬ 
cessfully  with  NOM. 

Angioembolization  for  Blunt  Solid 
Organ  Injury 

Angioembolization  should  be  considered  as  an 
adjunct  to  nonoperative  management  of  blunt 
splenic  injury  in  patients  with  a  grade  3  or  higher 
injury,  a  contrast  blush  on  CT  scan,  moderate 
hemoperitoneum  on  CT  scan  and  evidence  of 
ongoing  bleeding  [5,  6].  Having  an  institutional 
protocol  for  angioembolization  has  led  to 
decreased  LOS  and  decreased  use  of  hospital 
resources  [21].  The  implementation  of  protocols 
for  angioembolization  in  patients  who  are  high 
risk  for  failure  of  NOM  (contrast  blush  and  grades 
3-5)  are  associated  with  increased  success  of 
NOM  [22,  23].  For  blunt  hepatic  injuries,  angio¬ 
embolization  should  be  considered  for  stable 
patients  with  contrast  extravasation  on  CT.  Early 


embolization  in  blunt  hepatic  injury  is  associated 
with  decreased  transfusion  requirements  and 
decreased  need  for  hepatic  operative  intervention 
[24,  25].  Angioembolization  can  also  be  used  as 
an  adjunct  to  operative  management  [26-28]. 

Post-splenectomy  Vaccinations 

An  initial  report  by  King  and  Schumacker  in 
1951  documented  severe  infection  after  splenec¬ 
tomy  in  infants  [29].  Since  then,  overwhelming 
post- splenectomy  infection  (OPS I)  and  mortality 
from  it  has  been  documented  and  recognized  in 
asplenic  patients  from  a  variety  of  different 
mechanisms,  including  patients  who  have  under¬ 
gone  a  splenectomy  due  to  trauma  [30].  The  CDC 
recommends  ensuring  a  complete  vaccination 
panel  after  splenectomy:  13- valent  and  1,  2  or  3 
doses  of  23-valent  pneumococcal  vaccine 
depending  on  previous  vaccination,  two  doses  of 
quadrivalent  meningococcal  vaccination  fol¬ 
lowed  by  a  dose  every  5  years,  Haemophilus 
Influenza  type  B  vaccination  and  evaluation  for 
influenza,  Td/Tdap  [tetanus,  diphtheria,  pertus¬ 
sis),  varicella,  human  papillomavirus,  zoster  and 
measles,  mumps,  rubella  vaccines  [31].  Shatz 
and  colleagues  found  that  administration  of  vac¬ 
cinations  at  2  weeks  post-splenectomy  were 
associated  with  the  best  antibody  response  com¬ 
pared  to  vaccination  at  1,  7,  or  28  days  [32]. 
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Evidence  Contour 

Who  Should  Be  Managed 
Nonoperatively? 

Previously,  age  greater  than  55,  neurologic  sta¬ 
tus,  high  grade  of  injury  and  associated  injuries 
were  considered  contraindications  to  NOM  of 
blunt  splenic  injury.  Subsequent  studies  have 
shown  that  NOM  is  feasible  and  safe  in  these 
populations,  although  patients  greater  than  55 
years  old  have  a  higher  mortality  rate  with  blunt 
splenic  injury  despite  the  choice  of  management 
strategy  [33,  34].  These  patients  had  a  higher 
mortality  with  failure  of  NOM  than  the  younger 
cohort  [35].  Head  injury  or  altered  mental  status 
is  also  not  a  contraindication  to  NOM  of  either 
hepatic  or  splenic  injuries  [36].  A  review  from 
2013  cautioned  clinicians  to  be  aware  of  factors 
in  the  literature  which  are  associated  with 
increased  failure  of  NOM:  age  greater  than  40 
years  old,  ISS  of  25  or  greater,  and  a  AAST 
splenic  injury  grade  3  or  higher  [37].  Most  stud¬ 
ies  agree  that  increasing  grade  of  injury  and  an 
increased  ISS  are  associated  with  an  increased 
rate  of  failed  NOM,  but  we  are  still  able  to 
achieve  high  levels  of  NOM  success  in  these 
patients  [11,  38,  39].  Patients  with  multiple  inju¬ 
ries,  including  multiple  solid  organ  injuries,  can 
be  managed  nonoperatively,  although  they  do 
have  a  higher  failure  rate  [40] .  For  blunt  hepatic 
injuries,  intraperitoneal  contrast  and  hemoperito- 
neum  in  multiple  quadrants  are  predictive  of  the 
need  for  operative  intervention,  even  in  hemody- 
namically  stable  patients  [41]. 

How  Should  Nonoperative 
Management  Be  Accomplished? 

There  are  no  guidelines  published  to  outline  the 
timing  and  frequency  of  hematocrit  measure¬ 
ments,  serial  abdominal  examinations,  length  of 
monitoring  and  duration  of  bed  rest,  if  at  all.  A 
retrospective  cohort  study  of  blunt  solid  organ 
injury  and  the  timing  of  mobilization  did  not 
demonstrate  an  increase  in  delayed  hemorrhage 
based  on  early  mobilization,  and  led  the  authors 


to  conclude  that  bed  rest  should  not  be  a  part  of 
NOM  protocols  for  blunt  solid  organ  injury  [42]. 
Centers  with  established  protocols  for  NOM  have 
decreased  LOS  and  a  low  rate  of  NOM  failure.  A 
protocol  with  clear  inclusion  and  exclusion  crite¬ 
ria  for  NOM  along  with  an  outline  for  the  fre¬ 
quency  and  duration  of  serial  abdominal 
examinations,  hematocrit  draws  and  length  of 
bed  rest  has  led  to  a  decrease  in  hospital  and  ICU 
LOS  and  an  increase  of  NOM  success  without  an 
increase  in  mortality  [43-45]. 

Is  Follow-Up  Imaging  Necessary? 

For  blunt  splenic  injury  managed  initially  without 
angioembolization,  the  need  for  or  timing  of  fol¬ 
low  up  imaging  is  not  clearly  documented  in  the 
literature.  A  Delphi  consensus  statement  regard¬ 
ing  blunt  splenic  injury  found  a  fifty-fifty  split 
between  experts  regarding  the  need  for  repeat 
imaging  during  the  initial  hospital  admission  [9]. 
Shapiro  and  colleagues  found  that,  among  their 
trauma  population,  in  the  absence  of  clinical  signs 
and  symptoms  of  bleeding,  a  repeat  CT  scan  did 
not  change  management  [46].  However,  subse¬ 
quent  studies  have  suggested  that  repeat  imaging 
allows  for  the  identification  and  subsequent 
angioembolization  of  splenic  artery  pseudoaneu¬ 
rysm  (SPA)  or  arterial  extravasation  (AE)  and 
reduces  failure  of  NOM.  Weinberg  and  colleagues 
described  a  protocol  of  repeat  CT  imaging  at 
24-48  h  in  all  patients  except  those  greater  than 
55  with  a  grade  I  injury  and  demonstrated  a  97  % 
splenic  salvage  rate  [47].  Leeper  and  colleagues 
developed  a  protocol  of  repeat  CT  imaging  at  48  h 
after  a  sentinel  event,  which  was  associated  with  a 
decrease  in  the  failure  of  NOM  from  12  %  to  less 
than  1%  [48].  They  recommend  early  repeat 
imaging  to  improve  detection  of  SPA  and  AE, 
which  can  then  be  managed  with  SAE. 

Routine  follow  up  imaging  for  blunt  hepatic 
injuries  should  be  determined  by  patient’s  signs 
and  symptoms  and  does  not  need  to  be  routinely 
done  prior  to  discharge  [49,  50].  When  repeat 
imaging  demonstrates  complications,  there  is 
generally  a  variety  of  interventional  or  operative 
management  strategies.  Bile  duct  disruptions 
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generally  present  in  a  delayed  fashion  after  high- 
grade  hepatic  injuries  [51].  HID  A  scan  is  almost 
100%  sensitive  and  specific  for  diagnosing  bili¬ 
ary  leaks,  and  high  output  leaks  can  be  managed 
with  endoscopic  stenting  of  the  biliary  tree  [52]. 
Hepatic  abscesses  after  blunt  trauma  are  man¬ 
aged  with  antibiotics  and  percutaneous  catheter 
drainage  at  minimum  and  operative  intervention 
at  maximum  [53].  Hemorrhage  in  patients  ini¬ 
tially  treated  nonoperatively  usually  occurs 
early,  while  biliary  and  infectious  complications 
occur  later  [54]. 

When  Should  We  Initiate  Venous 
Thromboembolism  (VTE)  Prophylaxis 
in  Solid  Organ  Injury  Patients? 

Trauma  patients  have  the  highest  rate  of  VTE 
among  all  subgroups  of  hospitalized  patients 
with  rates  up  to  40  %  for  deep  venous  thrombo¬ 
sis  and  20%  for  pulmonary  embolism  [55,  56]. 
The  Inflammation  and  the  Host  Response  to 
Injury  project  guidelines  and  the  CHEST  guide¬ 
lines  for  VTE  in  the  trauma  patient  recommends 
the  initiation  of  low-molecular  weight  heparin 
(LMWH)  in  conjunction  with  mechanical  pro¬ 
phylaxis  in  the  absence  of  contraindications  [55, 
56].  A  retrospective  study  by  Eberle  and  col¬ 
leagues  demonstrated  no  increase  in  failure 
rates  of  NOM  or  blood  transfusion  requirements 
when  LMWH  was  initiated  early  (within  3  days 
of  injury)  versus  late  in  patients  with  blunt  solid 
organ  injury  [57].  Joseph  and  colleagues  also 
demonstrated  that  there  was  no  difference 
between  the  early  (under  48  h),  intermediate 
(48-72  h),  and  late  (greater  then  72  h)  groups  in 
terms  of  operative  intervention  or  post  prophy¬ 
laxis  blood  transfusion  in  patients  with  blunt 
solid  organ  injury  [58].  The  EAST  Practice 
Management  Guidelines  for  both  blunt  hepatic 
and  splenic  injury  states  that  there  is  no  evi¬ 
dence  that  chemical  VTE  prophylaxis  increases 
bleeding  complications  or  the  failure  of  NOM, 
however  there  are  no  prospective  studies  defin¬ 
ing  a  “safe”  initiation  time  for  LMWH  follow¬ 
ing  blunt  solid  organ  injury  [5,  6]. 
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Case  Presentation 

A  52  year-old  male  with  a  history  of  hyperten¬ 
sion,  obesity,  and  depression  presented  to  the 
emergency  room  with  increasing  abdominal 
pain.  In  the  emergency  room  he  was  found  to  be 
hypotensive,  with  a  blood  pressure  of  80/40, 
tachycardic  to  120,  and  febrile  with  a  tempera¬ 
ture  of  38.9  F.  He  had  evidence  of  peritonitis  on 
physical  exam.  His  abdomen  was  rigid  and  dis¬ 
tended,  with  diffuse  tenderness  to  palpation  and 
involuntary  guarding  in  his  lower  abdomen. 
Abnormal  laboratory  exam  values  included  a 
white  blood  cell  count  of  18,000  cells/mm3,  and 
a  serum  creatinine  concentration  of  1.4  mg/ 
dL.  Cross-sectional  imaging  of  his  abdomen 
and  pelvis  is  shown  below  (Fig.  79.1). 

Question  How  should  this  patient’s  intraabdom¬ 
inal  condition  be  managed? 

Answer  This  patient  has  an  intraabdominal 
infection  from  a  perforated  transverse  colon,  as 
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demonstrated  by  his  physical  exam  findings, 
laboratory  values  and  cross-sectional  imaging. 
The  patient  should  receive  early  goal-directed 
resuscitation  based  on  the  Surviving  Sepsis 
Guidelines  in  the  emergency  room  or  the  ICU 
[1].  Broad  spectrum  antibiotics  to  cover  gram 
negative  Enterobacteriaceae  and  enteric  anaer¬ 
obes  should  be  initiated.  He  should  be  taken  to 
the  operating  room  expeditiously  for  explor¬ 
atory  laparotomy  while  undergoing  ongoing 
resuscitation. 


Principles  of  Management 
Diagnosis 

Intraabdominal  infections  should  be  suspected  in 
patients  with  evidence  of  gastrointestinal  symp¬ 
toms  such  as  nausea,  anorexia,  vomiting,  diar¬ 
rhea  and  abdominal  pain.  They  may  or  may  not 
have  signs  of  inflammation  including  fever, 
tachycardia  or  tachypnea  [2] .  A  history  including 
recent  abdominal  operations  may  help  identify 
the  source  of  the  intraabdominal  infection. 
Physical  exam  is  important  but  may  be  nonspe¬ 
cific  in  patients  that  are  obtunded,  intubated, 
sedated,  elderly  or  on  immunosuppressive  ther¬ 
apy  [2,  3].  Patients  presenting  with  signs  of  peri¬ 
tonitis  including  abdominal  rigidity,  guarding 
and  rebound  tenderness  should  be  considered  for 
urgent  laparotomy  [4] . 
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Fig.  79.1  Perforated  diverticulitis  in  the  transverse  colon 


Basic  laboratory  tests  including  complete 
blood  count,  and  electrolytes  should  be 
obtained.  If  a  hepatobiliary  or  pancreatic  source 
is  suspected,  liver  enzymes  and  an  amylase  and 
lipase  can  be  added  [5].  Additional  labs  includ¬ 
ing  those  measuring  end  organ  perfusion  such 
as  lactate  and  mixed  venous  oxygen  saturation 
should  be  obtained  if  the  patient  is  suspected  of 
having  severe  sepsis  or  septic  shock  [1].  Further 
imaging  studies  should  be  obtained  in  patients 
with  suspected  intraabdominal  infection,  if  fea¬ 
sible.  Cross-sectional  imaging  with  computed 
tomography  (CT  scan,  Fig.  79.2)  with  intrave¬ 
nous  contrast  is  the  diagnostic  modality  of 
choice  for  most  cases  of  intraabdominal  infec¬ 
tion  such  as  appendicitis,  diverticulitis  and  coli¬ 
tis.  Enteral  contrast  is  useful  to  differentiate  the 
viscera  for  potentially  pathologic  fluid  collec¬ 
tions  such  as  abscesses  or  anastomotic  leaks. 
However,  the  utility  of  enteral  contrast  in  the 


emergency  situation  is  somewhat  debatable, 
and  should  be  utilized  according  to  local  proto¬ 
cols.  Intravenous  contrast  permits  optimal  visu¬ 
alization  of  infectious  processes,  inflammation, 
ischemia,  hemorrhage  and  solid  organ  assess¬ 
ment  [3].  If  a  biliary  source  is  suspected,  ultra¬ 
sound  is  the  preferred  imaging  modality  [6]. 

Resuscitation 

Patients  with  intraabdominal  infections  become 
volume  depleted  by  several  mechanisms  includ¬ 
ing  decreased  oral  intake,  increased  sensible 
losses  due  to  vomiting  and  diarrhea  and  increased 
insensible  losses  due  to  third  spacing,  fever  and 
tachypnea  [7].  Fluid  resuscitation  should  begin 
as  soon  as  a  diagnosis  of  sepsis  is  suspected,  fol¬ 
lowing  the  Surviving  Sepsis  Campaign  guide¬ 
lines  [1,  2,  7]. 
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Fig.  79.2  CT  scan  imaging  demonstrating  inflammatory  changes  around  the  mid-transverse  colon  with  extraluminal 
air  and  fluid  in  this  area,  consistent  with  a  perforation  of  the  transverse  colon  and  peritonitis 


To  Be  Completed  Within  3  h  of  Time 
of  Presentation1 

1 .  Measure  lactate  level 

2.  Obtain  blood  cultures  prior  to  adminis¬ 
tration  of  antibiotics 

3.  Administer  broad  spectrum  antibiotics 

4.  Administer  30  ml/kg  crystalloid  for 
hypotension  or  lactate  >4  mmol/L 


^‘Time  of  presentation”  is  defined  as  the  time  of  triage  in 
the  emergency  department  or,  if  presenting  from  another 
care  venue,  from  the  earliest  chart  annotation  consistent 
with  all  elements  of  severe  sepsis  or  septic  shock  ascer¬ 
tained  through  chart  review. 


To  Be  Completed  Within  6  h  of  Time 
of  Presentation 

5.  Apply  vasopressors  (for  hypotension 
that  does  not  respond  to  initial  fluid 
resuscitation)  to  maintain  a  mean  arte¬ 
rial  pressure  (MAP)  >65  mmHg 

6.  In  the  event  of  persistent  hypotension 
after  initial  fluid  administration 
(MAP  <65  mmHg)  or  if  initial  lactate 
was  >4  mmol/L,  re-assess  volume  status 
and  tissue  perfusion  with  either 

•  Repeat  focused  exam  (after  initial 
fluid  resuscitation)  including  vital 
signs,  cardiopulmonary,  capillary 
refill,  pulse,  and  skin  findings 

•  Or  two  of  the  following: 
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-  Measure  CVP 

-  Measure  Scv02 

-  Bedside  cardiovascular  ultrasound 

-  Dynamic  assessment  of  fluid  respon¬ 
siveness  with  passive  leg  raise  or 
fluid  challenge 

7.  Re-measure  lactate  if  initial  lactate 
elevated. 

[From :  http : //www.  surviving sep sis .  org/ 
SiteCollectionDocuments/SSC_Bundle. 
pdf] 


In  patients  with  severe  infections  and  ongoing 
contamination,  resuscitation  may  not  be  success¬ 
ful  until  source  control  is  achieved,  and  a  neces¬ 
sary  source  control  procedure  should  not  be 
unduly  delayed  in  an  effort  to  achieve  all  goals  of 
resuscitation.  However,  resuscitation  efforts 
should  continue  intraoperatively  and  postopera- 
tively  in  such  patients. 

Source  Control 

Source  control  is  one  of  the  fundamental  treat¬ 
ment  strategies  for  intraabdominal  sepsis.  The 
goal  is  to  remove  the  infected  fluid,  debride 
infected  solid  tissue,  remove  infected  devices  or 
foreign  bodies  and  gain  control  of  ongoing 
enteric  drainage  by  correcting  anatomic  derange¬ 
ments  [8].  It  may  be  obtained  by  either  operative 
intervention  or  percutaneous  drainage,  depend¬ 
ing  on  size  and  location  of  the  infection  and  acu¬ 
ity  of  the  patient  [4]. 

Operative  intervention,  either  open  or  laparo¬ 
scopic,  should  be  performed  in  patients  with  peri¬ 
tonitis,  suspected  bowel  ischemia  or  necrosis, 
evidence  of  uncontrolled,  on-going  contamina¬ 
tion  or  those  who  have  failed  percutaneous  drain¬ 
age  [2,  4,  7,  9].  In  unstable  patients,  damage 
control  surgery  may  be  performed.  This  concept 
has  been  adopted  from  its  use  in  trauma  patients. 
It  is  a  multistep  process,  with  the  first  stage  being 
evacuation  of  infected  material  and  control  of 
gross  contamination,  including  wide  drainage  [2, 


7,  10,  11].  The  abdomen  is  temporarily  closed 
and  the  patient  then  undergoes  further  resuscita¬ 
tion  to  restore  more  normal  physiologic  func¬ 
tions.  Once  resuscitation  is  complete, 
re-laparotomy  for  definitive  source  control  and 
reconstruction  can  be  performed.  If  the  patient’s 
condition  worsens  during  this  resuscitative  phase, 
earlier  relaparotomy  should  be  considered.  The 
abdomen  can  be  definitively  closed  once  there 
are  no  concerns  for  ongoing  ischemia,  necrosis  or 
infection  [7]. 

Although  planned  re-laparotomy  benefits 
some  patients  with  severe  peritonitis,  its  use 
should  be  restricted  to  patients  who  are  physio¬ 
logically  unstable,  are  at  risk  for  development  of 
an  abdominal  compartment  syndrome  with  early 
fascial  closure,  have  a  concern  for  ongoing  bowel 
ischemia,  or  who  will  need  further  source  control 
procedures  to  gain  adequate  control  of  the  infec¬ 
tion.  The  routine  use  of  planned  re-laparotomy 
for  all  patients  with  severe  secondary  peritonitis 
was  not  shown  to  be  beneficial  in  a  prospective 
randomized  controlled  trial  [12].  Rather,  on- 
demand  re-laparotomy,  employed  in  just  those 
patients  who  manifested  signs  of  ongoing  infec¬ 
tion,  was  found  to  be  associated  with  shorter  ICU 
and  hospital  lengths  of  stay  and  reduced  expenses 
compared  to  planned  re-laparotomy  in  all 
patients. 

Percutaneous  drainage  is  often  the  initial  treat¬ 
ment  for  intraabdominal  abscesses,  as  it  as  effec¬ 
tive  as  surgical  drainage  and  is  less  invasive,  with 
resultant  lower  morbidity  and  mortality  rates  [2, 
7,  13,  14].  It  is  also  useful  for  patients  who  are 
poor  surgical  candidates  [7].  It  is  also  possible 
that  it  can  serve  as  a  temporizing  measure  in 
severely-ill  patients,  such  as  those  with  infected 
pancreatic  necrosis. 

Anti-Infective  Therapy 

Antimicrobial  therapy  should  be  started  within 
one  hour  in  patients  with  septic  shock  due  to 
complicated  intra-abdominal  infections,  and  as 
soon  as  feasible  in  other  patients  who  do  not  have 
evidence  of  hemodynamic  or  organ  compromise 
[1,  2].  Therapy  should  be  selected  according  to 
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Table  79.1  Agents  and  regimens  that  may  be  used  for  the  initial  empiric  treatment  of  extra-biliary  complicated  intra¬ 
abdominal  infection  (community- acquired  infection  in  adults) 


Regimen 

Mild  to  moderate  severity:  perforated  or 
abscessed  appendicitis  and  other  infections  of 
mild-to-moderate  severity 

High  risk  or  severity:  severe  physiologic 
disturbance,  advanced  age,  or 
immunocompromised  state 

Single  agent 

Cefoxitin,  ertapenem,  moxifloxacin,  tigecycline, 
and  ticarcillin-clavulanic  acid 

Imipenem-cilastatin,  meropenem,  doripenem, 
and  piperacillin-tazobactam 

Combination 

Cefazolin,  cefuroxime,  ceftriaxone,  cefotaxime, 
ciprofloxacin,  or  levofloxacin,  each  in 
combination  with  metronidazole3 

Cefepime,  ceftazidime,  ciprofloxacin,  or 
levofloxacin,  each  in  combination  with 
metronidazole3 

From  Solomkin  et  al.  [2] 

aBecause  of  increasing  resistance  of  Escherichia  coli  to  fluoroquinolones,  local  population  susceptibility  profiles  and,  if 
available,  isolate  susceptibility  should  be  reviewed 


the  whether  or  not  the  patient  as  a  community- 
acquired  or  a  health-care-associated  infection 
(Tables  79.1  and  79.2).  It  should  also  be  based  on 
local  microbiologic  data. 

Empiric  antibiotics  should  cover  gram¬ 
negative  aerobic  and  facultative  bacilli  and 
enteric  anaerobic  bacteria.  Options  include 
meropenem,  imipenem-cilastatin,  doripenem, 
piperacillin-tazobactam  or  ceftazidime  or 
cefepime  in  combination  with  metronidazole.  If 
resistant  gram  negative  bacteria  are  anticipated 
in  a  patient  with  a  health-care-associated  infec¬ 
tion,  an  aminoglycoside  or  another  gram  nega¬ 
tive  agent  may  be  required,  based  on  local 
antibiograms.  Empiric  coverage  for  enterococci 
using  ampicillin  or  vancomycin  is  recom¬ 
mended  for  patients  with  health  care-associated 
intra-abdominal  infection,  if  the  selected  regi¬ 
men  does  not  already  provide  such  coverage. 
Vancomycin  is  also  recommended  for  the  treat¬ 
ment  of  the  occasional  intraabdominal  infection 
suspected  or  proven  to  be  due  to  methicillin- 
resistant  Staphylococcus  aureus  [2].  If  Candida 
sp  is  grown  from  intraabdominal  cultures  or  is 
strongly  suspected  to  be  a  component  of  the 
infection,  antifungal  therapy  is  recommended. 
An  echinocandin  is  recommended  for  critically 
ill  patients  or  those  with  fluconazole-resistant 
Candida  species. 

Evidence  Contour 

There  are  several  areas  of  management  of  intraab¬ 
dominal  infections  that  are  continuing  to  evolve. 


Laparoscopic  Peritoneal  Lavage 

Patients  with  purulent  (Hinchey  III)  or  feculent 
(Hinchey  IV)  peritonitis  from  perforated  diverticu¬ 
litis  typically  were  treated  with  a  sigmoid  resec¬ 
tion  and  colostomy  (Table  79.3).  There  is  new  data 
that  laparoscopic  peritoneal  lavage,  in  combina¬ 
tion  with  antibiotics,  may  be  a  safe  and  effective 
alternative  with  low  morbidity  and  mortality,  and 
spares  the  patient  a  stoma  [15].  A  recent  system¬ 
atic  review  [16]  of  data  from  871  patients  who 
underwent  laparoscopic  peritoneal  lavage  for  per¬ 
forated  diverticulitis  reported  that  laparotomy  con¬ 
version  was  required  in  only  1  %  of  patients  with 
Hinchey  stage  III  vs.  45  %  in  patients  with  Hinchey 
stage  IV  diverticulitis.  Ongoing  RCTs  will  better 
define  the  role  of  this  technique  in  patients  with 
complicated  diverticulitis. 

Minimally  Invasive  Approaches 
to  Infected  Pancreatic  Necrosis 

Pancreatic  parenchymal  and/or  peripancreatic 
tissue  necrosis  (necrotizing  pancreatitis)  leads  to 
additional  morbidity  and  mortality  in  patients 
with  acute  pancreatitis.  Approximately  one  third 
of  patients  with  necrotizing  pancreatitis  will 
develop  infected  necrosis,  and  this  also  increases 
mortality  due  to  sepsis  and  multisystem  organ 
failure  [17].  Patients  with  infected  pancreatic 
necrosis  often  require  intervention,  and  open  sur¬ 
gical  debridement,  or  necrosectomy,  has  been  the 
traditional  treatment.  This  invasive  approach  is 
associated  with  a  high  rate  of  complications  and 
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Table  79.3  Modified  Hinchey  classification  for 
diverticulitis 


Stage  I 

Pericolic  abscess  confined  by  the 
mesentery  of  the  colon 

Stage  Ha 

Distant  pelvic  abscess  amenable  to 
percutaneous  drainage 

Stage  lib 

Complex  abscess  associated  with  or 
without  fistula 

Stage  III 

Generalized  purulent  peritonitis 

Stage  IV 

Fecal  peritonitis 

death  [18].  It  is  now  acceptable  for  patients  with 
infected  pancreatic  necrosis  to  initially  be  treated 
conservatively  with  antibiotics  and  supportive 
care.  Patients  who  have  clinical  decompensation 
should  then  undergo  more  invasive  treatments 
[19].  Alternative  interventions  including  mini¬ 
mally  invasive  techniques  such  as  percutaneous 
drainage,  endoscopic  drainage  and  minimally 
invasive  retroperitoneal  necrosectomy  are  being 
used  more  frequently  when  patients  fail  maximal 
medical  therapy.  In  a  large  multicenter  trial,  the 
“step-up”  approach  (source  control  by  percutane¬ 
ous  drainage  followed  by  minimally  invasive 
necrosectomy  if  the  patient  fails  to  improve)  as 
compared  to  patients  randomized  to  open  necro¬ 
sectomy,  reduced  the  rate  of  the  composite  end¬ 
point  of  major  complications  or  death,  decreased 
total  costs  and  improved  health  care  resource  uti¬ 
lization  [18].  Further  data  regarding  the  timing, 
cost  and  long  term  outcomes  of  these  procedures 
still  need  to  be  obtained. 

Procalcitonin 

Procalcitonin  is  a  biomarker  that  can  be  used  as 
an  adjunctive  diagnostic  tool  for  discriminating 
infection  as  the  cause  of  fever  or  sepsis  in  criti¬ 
cally  ill  patients  [20].  In  intraabdominal  infec¬ 
tions  there  are  different  cutoff  levels  and  assays, 
leading  to  discordant  findings.  In  addition,  it  is 
a  nonspecific  marker  of  bacterial  infection  and 
does  not  provide  a  source  of  sepsis.  Further 
studies  need  to  be  performed  with  improved 
assay  accuracy  and  standardization  for  it  to  be  a 
useful  adjunct  in  the  treatment  of  intraabdomi¬ 
nal  infections  [21]. 
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Intestinal  Obstruction:  Small 
and  Large  Bowel 
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Case  Presentation 

A  76  year  old  male  presented  to  the  emergency 
room  with  3  days  of  intermittent  lower  abdomi¬ 
nal  pain  and  nausea.  He  had  not  vomited  but  had 
not  eaten  or  drank  liquids  in  the  past  day.  He  was 
passing  gas  until  24  h  ago.  He  has  a  past  medical 
history  of  coronary  artery  disease  requiring  a 
coronary  artery  bypass,  atrial  fibrillation  for 
which  he  was  anticoagulated  with  warfarin  and 
benign  prostatic  hypertrophy.  He  has  a  past  surgi¬ 
cal  history  of  a  right  colectomy  with  primary 
anastomosis  10  years  ago.  He  has  never  had  a 
bowel  obstruction.  He  was  afebrile,  heart  rate 
was  85  and  blood  pressure  was  130/80.  On  exam, 
he  was  not  in  any  distress,  his  mucous  mem¬ 
branes  were  dry,  his  abdomen  was  slightly  dis¬ 
tended  with  a  midline  scar  and  minimally  tender. 
There  was  no  evidence  of  ventral  or  inguinal  her¬ 
nias.  Lab  studies  revealed  a  WBC  count  of  10,  no 
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bands,  hematocrit  of  50,  creatinine  of  1.3  (base¬ 
line  1.0),  lactate  1.2  and  INR  of  2.0.  A  CT  scan  of 
the  abdomen  and  pelvis  (below)  showed  dilated, 
fluid  filled  small  bowel  with  a  tapering  in  the 
RLQ,  a  stool  filled  colon  and  was  without  pneu¬ 
matosis,  portal  venous  gas  or  significant  mesen¬ 
teric  edema  (Fig.  80.1). 

Question  How  do  you  manage  a  patient  with  a 
small  bowel  obstruction? 

Answer  Since  this  patient  had  no  signs  of  intes¬ 
tinal  ischemia  (fever,  leukocytosis,  tachycardia 
unresponsive  to  fluids,  peritonitis),  intestinal  per¬ 
foration  (no  pneumoperitoneum),  a  closed  loop 
obstruction  or  hernia  defect  and  had  a  history  of 
prior  abdominal  surgery  suggesting  an  etiology 
of  adhesive  small  bowel  disease,  he  was  initially 
managed  non-operatively  with  IVF  resuscitation, 
NPO  and  nasogastric  (NG)  tube  decompression. 
The  NG  tube  initially  evacuated  1.5  L  of  gastric 
and  bilious  fluid. 

Over  the  course  of  the  next  3  days,  the  NG 
tube  output  remained  elevated  but  was  more  gas¬ 
tric  in  nature.  He  remained  with  only  minimal 
abdominal  tenderness  but  he  was  not  passing  gas 
per  rectum  or  having  bowel  movements.  As  a 
result,  laparotomy  with  lysis  of  adhesions  was 
recommended  for  treatment  of  persistent  small 
bowel  obstruction  and  performed  on  hospital  day 
4.  During  the  laparotomy,  a  combination  of 
extensive  moderate  and  dense  adhesions  was 
identified  that  twisted  the  bowel  in  a  partially 
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Fig.  80.1  CT  scan  images  of  small  bowel  obstruction,  (a) 
Representative  axial  section  of  CT  scan  of  the  abdomen 
and  pelvis  with  PO  and  IV  contrast  showing  dilated,  fluid 

obstructed,  but  not  ischemic,  fashion.  After  lysis 
of  adhesions,  the  small  bowel  was  decompressed 
and  its  contents  evacuated  into  the  NG  tube.  The 
NG  tube  was  removed  on  post-op  day  (POD)  #1, 
diet  started  on  POD#2,  gas  passed  and  bowel 
movement  occurred  on  POD#3,  and  he  was  dis¬ 
charged  to  home  on  POD#5  once  INR  was 
therapeutic. 


Standard  Approach  to  Management 

Small  bowel  obstruction  (SBO)  is  most  com¬ 
monly  due  to  adhesive  disease,  Crohn’s  disease, 
tumors  or  hernias  [1].  The  primary  concern  with 
SBO  is  bowel  ischemia  or  necrosis.  Since  there 
are  no  physical  exam  findings,  lab  values  or 
imaging  tests  that  will  confirm  the  presence  of 
ischemia,  it  is  a  combination  of  these  signs, 
symptoms  and  tests  that  must  be  evaluated  to 
determine  if  laparotomy  is  necessary.  As  stated 
in  the  scenario  above,  leukocytosis,  tachycardia 
unresponsive  to  fluid  administration,  acidosis 
and  peritonitis  are  all  concerning  for  intestinal 
ischemia  [2,  3].  The  presence  of  pneumoperito¬ 
neum  on  imaging  signifies  bowel  necrosis  and 


filled  small  bowel,  (b)  Representative  coronal  section  of 
CT  scan  for  the  same  patient  showing  dilated,  fluid  filled 
small  bowel  consistent  with  small  bowel  obstruction 

perforation  and  should  prompt  emergent  explo¬ 
ration.  A  closed  loop  obstruction  on  CT  imaging 
with  focal  peritonitis  should  prompt  exploration 
as  well.  With  the  increased  frequency  of  CT  use, 
concerning  imaging  findings  include  portal 
venous  gas,  mesenteric  edema  and  inflamma¬ 
tory  stranding  that  may  favor  earlier  rather  than 
later  exploration. 

Patients  with  SBO  more  commonly  present 
without  an  absolute  indication  for  exploration 
(Fig.  80.2).  In  patients  without  immediate  con¬ 
cern  for  bowel  ischemia,  bowel  rest  with  NPO 
and  NG  tube  decompression,  fluid  resuscitation, 
correction  of  electrolyte  abnormalities  and  mini¬ 
mization  of  narcotics  are  trialed  for  a  few  days. 
Approximately  75%  of  SBOs  treated  non- 
operatively  will  not  require  surgery  during  that 
admission  [4].  Any  evidence  of  worsened  pain, 
tachycardia,  acidosis  or  leukocytosis  necessitates 
laparotomy.  Otherwise,  patients  can  be  success¬ 
fully  managed  non-operatively  for  3-4  days  until 
signs  and  symptoms  of  SBO  resolve  with  restora¬ 
tion  of  intestinal  function.  Predictive  models  for 
the  need  for  laparotomy  using  presenting  symp¬ 
toms,  physical  exam,  lab  values  and  CT  imaging 
findings  have  been  described  but  are  not  yet  fully 
validated  [5,  6]. 
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Fig.  80.2  Evidence- 
based  Algorithm  for 
Diagnosis  (a)  and 
Treatment  (b)  of 
Adhesive  SBO  (ASBO) 
(From  DiSaverio  et  al. 
[7].  ©  Di  Saverio  et  al.; 
licensee  BioMed 
Central  Ltd.  2013 
[Creative  Commons 
Attribution  License]) 


Diagnosis  of  ASBO 

Initial  evaluation 


•  Physical  Examination 

•  WBC,  Lactate,  Electrolytes,  BUN:Cr 

•  Previous  surgery 

V _ _ _ ) 


Suspicion  of  ASBO 


A  A 

Supine  and  erect  abdominal  X-ray  with 

^Abdominal  Ultrasound  (limited  value)^ 

eventual  administration  of  WSCM 

•  multiple  air-fluid  levels 

•  Distention/  peristalsis 

•  distension  of  small  bowel 

•  differences  in  mucosal  folds 

loops 

around  transition  point 

•  no  gas  in  the  colon 

^  •  free  fluid  (->  ischemia)  ^ 

Water-soluble  contrast  follow 
through 


Patient  initially  treated  with  NOM  in 
order  to  rule  out  complete  ASBO 
and  predict  the  need  for  surgery 
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Fig.  80.2  (continued)  b 


T reatment  of  ASBO 


-No  signs  of  strangulation  or  peritonitis 
-Surgery  more  than  6  weeks  before  ASBO 
-Partial  ASBO 

-Signs  of  resolution  on  admission 


N/7 


-Signs  of  strangulation  or  peritonitis 
-Surgery  within  6  weeks  before  ASBO 
-Carcinomatosis  or  irreducible  hernia 
-No  signs  of  resolution  within  72h 


Non  operative  management 

•  NGT  or  LT  decompression 

•  Intravenous  fluid  administration 

•  Qinkal  observation 


Water  Soluble  Contrast  Medium 

Administration 

_ ) 

7 

Appearance  of  contrast  in 
the  colon  within  24h 
predicts 

RESOLUTION  OF  ASBO 


3 


A 


Further  indications  for  delayed 
operation: 

•  Evolving  peritoneal  signs 

•  Persistent  ileus  >72h 

•  Drainage  volume  >500ml  on  3d  day 

•  Pain  lasting  4  days  or  more 

•  CRPs  75  mg/1 

•  WBC>  10.000/mm5 

•  Free  intraperitoneal  fluid  £  500ml  on  CT 

•  Reduction  of  CT  small  bowel  wall 

contrast  enhancement 


Evidence  Contour 

Timing  of  Operating  for  SBO 

An  old  surgical  dogma  was  to  never  let  the  sun 
set  or  sun  rise  on  a  SBO.  This  is  no  longer  the 
case.  However,  when  to  operate  for  a  SBO  con¬ 
tinues  to  challenge  surgeons.  For  patients  with 
prior  abdominal  surgery  who  most  likely  have  an 
adhesive  SBO,  a  trial  of  48-72  h  of  non-operative 
management  is  successful  in  relieving  the 
obstruction  in  ~75  %  of  cases  [7]. 

Recently,  the  use  of  water-soluble  contrast  via 
NG  tube  or  by  mouth  has  been  used  to  both  treat 
and  assess  patients  with  adhesive  small  bowel 


disease  [8,  9].  Essentially,  patients  are  given  a 
small  volume  of  water-soluble  contrast  and  serial 
abdominal  plain  films  are  obtained.  Passage  of 
contrast  into  the  colon  within  24  h  of  administra¬ 
tion  indicates  resolution  of  the  SBO  and  trials  of 
a  diet  can  ensue.  This  technique  leads  to  shorter 
lengths  of  stay  [10]. 

Management  Differences 
Between  Small  and  Large  Bowel 
Obstruction 

The  case  in  this  chapter  illustrates  the  course  of 
care  for  SBO.  SBO  is  much  more  common  than 
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large  bowel  obstruction  (LBO).  Although  the 
presenting  symptoms  may  be  similar,  the  diag¬ 
nostic  work  up  and  treatment  are  different. 
Adhesive  disease  does  not  normally  lead  to  large 
bowel  obstruction  with  the  greatest  concern  with 
large  bowel  obstruction  being  cancer. 

LBO  is  an  emergency  condition  that  requires 
early  identification  and  intervention.  Complete 
LBO,  closed  loop  obstruction,  evidence  of 
colonic  ischemia  and  volvulus  commonly  require 
emergency  surgical  intervention. 

Other  unique  causes  of  large  bowel  obstruc¬ 
tion  include  cecal  or  sigmoid  volvulus,  colonic 
ileus  (Ogilvie’s  syndrome),  toxic  megacolon 
with  Clostridium  difficile  infection,  diverticular 
stricture  and  fecal  impaction  [11].  The  clinical 
scenario  for  each  of  these  potential  causes  of 
large  bowel  obstruction  should  help  in  delineat¬ 
ing  the  cause  and  initial  management  steps.  Also 
unique  to  patients  with  large  bowel  obstruction, 
especially  in  those  who  are  debilitated  and  can¬ 
not  undergo  surgery  [12]  or  who  need  to  have  an 
acute  obstruction  temporized  [13],  is  the  use  of 
colonic  stents  to  bypass  an  area  of  stricture  or 
obstruction  [14]. 

Management  of  Acute  Small  Bowel 
Obstruction  in  a  Patient  with  No  Prior 
Abdominal  Surgery  or  Pathology 

Less  than  10  %  of  cases  of  small  bowel  obstruc¬ 
tion  will  be  present  in  patients  without  prior 
abdominal  surgery.  With  the  known  etiologies 
of  small  bowel  obstruction  being  adhesions, 
inflammatory  bowel  disease  and  hernias,  an 
SBO  in  a  virgin  abdomen  presents  a  clinical 
conundrum.  Unfortunately,  there  is  little  evi¬ 
dence  available  to  guide  clinical  management. 
Currently,  unless  the  patient  clearly  has  evi¬ 
dence  of  an  infectious  or  inflammatory  etiol¬ 
ogy  for  the  obstruction,  exploration  with  either 
laparoscopy  or  laparotomy  is  recommended 
given  the  concern  for  an  underlying  malig¬ 
nancy.  However,  recent  data  would  suggest 
that  up  to  75  %  of  laparotomies  for  SBO  in  a 
virgin  abdomen  are  due  to  adhesions  [15]. 
Regardless,  until  more  data  is  available,  we 
recommend  either  laparoscopy  or  laparotomy 


for  the  evaluation  of  SBO  in  patients  with  a 
virgin  abdomen  and  no  obvious  infectious  or 
inflammatory  source. 

CT  Imaging  Findings  Indicative 
of  a  Need  for  Exploration 

With  the  frequent  use  of  CT  scanning  in  the 
emergency  room  for  patients  with  abdominal 
pain  or  complaints  consistent  with  bowel  obstruc¬ 
tion,  the  use  of  characteristic  CT  findings  to  pre¬ 
dict  the  need  for  laparotomy  has  developed.  An 
often  identified  CT  finding  for  SBO  is  the  “transi¬ 
tion  zone”  or  “transition  point”.  While  interesting 
for  preoperative  planning,  a  transition  zone  does 
not  necessitate  laparotomy  nor  does  it  decrease 
the  chance  that  the  SBO  will  resolve  with  non¬ 
operative  management  [16,  17]. 

Pneumatosis  intestinalis  identified  on  CT 
without  either  physical  exam  or  laboratory  values 
consistent  with  intestinal  ischemia  is  no  longer 
an  absolute  indication  for  exploratory  laparot¬ 
omy  [18,  19].  Imaging  findings  that  should  con¬ 
tribute  to  a  more  heightened  need  for  exploration 
include  closed  loop  obstruction,  mesenteric 
edema  and  reduced  enhancement  of  mesenteric 
veins  [20,  21].  In  line  with  the  theme  of  this  chap¬ 
ter,  one  test  alone,  and  in  this  case  CT  imaging, 
should  not  be  used  to  determine  the  need  for  sur¬ 
gical  intervention  for  a  SBO.  Rather,  it  is  a  com¬ 
bination  of  physical  exam,  clinical  scenario,  lab 
values  and  imaging  that  most  appropriately  iden¬ 
tify  those  patients  who  need  emergent  laparot¬ 
omy  versus  those  who  can  trial  a  course  of 
non-operative  management. 
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Case  Presentation 

An  82  year  old  female  with  a  history  of  liver  cir¬ 
rhosis  secondary  to  hemochromatosis,  coronary 
artery  disease,  CHF,  and  COPD  was  brought 
through  the  ED  after  a  head-on  motor  vehicle 
collision.  She  complained  initially  of  abdominal 
pain  and  right  leg  pain.  Physical  exam  revealed  a 
tender  and  distended  abdomen  in  the  right  and 
left  upper  quadrants  and  a  visible  right  lower  leg 
deformity  with  a  4  cm  wound  over  the  lateral 
aspect  of  her  thigh  with  exposed  bone.  A  FAST 
exam  was  positive  in  the  right  upper  quadrant. 
CT  scan  revealed  a  grade  2  liver  laceration  with 
active  contrast  extravasation  (Fig.  81.1),  a  grade 
3  splenic  laceration,  and  a  distal  comminuted 
femur  fracture  (Fig.  81.2).  An  emergent  hepatic 
and  splenic  artery  embolization  was  performed 
followed  by  application  of  an  tibial  traction  pin. 

Postoperatively,  she  continued  to  have  epi¬ 
sodes  of  hypotension  requiring  continued  resus¬ 
citation.  Within  the  first  24  h,  the  patient  received 
6  L  of  crystalloid,  3U  pRBC,  and  500  cc  of  albu¬ 
min.  Despite  the  resuscitation,  the  patient  devel¬ 
oped  acute  renal  failure  requiring  CVVH. 
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Question  What  differential  diagnoses  should  be 
considered? 

Answer  Abdominal  and  extremity  compartment 
syndrome. 

Old  age,  trauma  and  high  volume  resuscita¬ 
tion  are  risk  factors  for  abdominal  and  extremity 
compartment  syndromes.  Since  clinical  exam  is 
unreliable  in  predicting  intra- abdominal  pres¬ 
sures  (IAP),  surveillance  of  intra- abdominal 
pressures  using  transbladder  pressure  monitoring 
should  be  implemented.  The  fractured  leg  should 
be  assessed  with  serial  exams  and  intracompart- 
mental  pressure  measurements.  For  this  patient, 
transbladder  pressures  were  monitored  every  4  h. 

Postinjury  day  3,  she  presented  with  poor  oxy¬ 
genation  while  still  on  mechanical  ventilation 
with  peak  pressures  of  41.  IAP  was  found  to  be 
29.  She  was  taken  emergently  to  the  operating 
room  for  a  decompressive  laparotomy.  Her  open 
abdomen  was  managed  using  a  damage  control 
technique  employing  a  negative  pressure  therapy 
dressing.  She  continued  to  experience  hypoten¬ 
sive  episodes  requiring  cystalloid  boluses. 

On  post-decompression  day  2,  her  nurse  noted 
increased  swelling  of  her  right  lower  extremity. 
On  physical  exam,  passive  movement  of  the  leg 
seemed  to  cause  her  “agitation”  that  would  not 
improve  with  normal  doses  of  pain  medication. 
Intracomp artmental  pressures  in  her  right  ante¬ 
rior  compartment  showed  an  absolute  value  of 
40  mmHg  with  a  diastolic  blood  pressure  of 
57  mmHg  (AT*  =  17).  An  emergent  4 
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Fig.  81.1  CT  Scan  abdomen,  Grade  2  liver  laceration 
with  active  contrast  extravasation 


Fig.  81.2  Extremity  radiograph  with  distal  communited 
femur  fracture 


compartment  fasciotomy  was  performed  at  the 
bedside.  Muscle  swelling  without  muscle  necro¬ 
sis  was  noted  at  the  completion  of  the  fasciotomy. 
Her  fasciotomy  wounds  were  initially  managed 
with  wet-to-dry  gauze  wraps  with  normal  saline 
but  were  changed  to  a  negative  pressure  therapy 
(NPT)  dressing  after  48  h.  Her  subsequent  hospi¬ 
tal  course  was  notable  only  for  a  temporary 
abdominal  coverage  with  a  prosthetic  mesh  on 
postinjury  day  10,  followed  by  skin  grafting  on 


postinjury  day  14.  Delayed  primary  closure  of 
her  fasciotomy  wound  was  achieved  after  5  days 
of  negative  pressure  therapy. 

Principles  of  Management 
Diagnosis 

Compartment  syndrome  is  a  state  of  decreased 
tissue  perfusion  in  a  specific  body  compartment 
due  to  increased  intracompartmental  pressures 
from  either  interstitial  edema,  or  increased  intra¬ 
compartmental  contents  or  fluid.  Early  diagnosis 
is  the  key  to  successful  management.  Clinical 
exam  alone  has  been  shown  to  be  inadequate  for 
diagnosis  of  an  acute  compartment  syndrome  [1, 
2].  Surveillance  with  a  combination  of  serial  clin¬ 
ical  exams  and  intra-compartmental  pressure 
monitoring  is  the  most  efficient  approach  to  diag¬ 
nosis  in  both  the  abdomen  and  extremity  [3,  4]. 

Abdomen 

Abdominal  surgery,  fluid  resuscitation 
>3500  ml/24  h,  ileus,  pulmonary,  renal,  or  liver 
dysfunction,  hypothermia,  acidosis,  anemia, 
oliguria,  and  elevated  GAP  C02  (gastric  mucosal 
C02  minus  end-tidal  C02  tension)  have  been  iden¬ 
tified  as  risk  factors  for  abdominal  compartment 
syndrome  in  three  prospective  trials  [5-7].  Patients 
with  at  least  2  risk  factors  should  be  surveyed  with 
intra-abdominal  pressure  measurments  taken  via 
transbladder  catheter.  The  measurements  should 
be  taken  by  instilling  25  cc  of  normal  saline 
through  the  catheter  and  connecting  the  catheter  to 
a  pressure  monitor.  The  patient  should  be  supine 
and  the  monitor  should  be  zeroed  at  the  midaxil- 
lary  line  at  the  iliac  crest.  Patients  sometimes 
require  sedation  and  neuromuscular  blockade  to 
obtain  an  accurate  intra-abdominal  pressure  read¬ 
ing  via  urinary  catheter,  as  activity  and  abdominal 
muscle  tensing  will  falsely  elevate  bladder 
pressures. 

Organ  dysfunction  has  been  detected  with 
IAPs  as  low  as  10-15  mmHg  [8].  The  World 
Society  of  the  Abdominal  Compartment 
Syndrome  (WSACS)  has  defined  intra- abdominal 
hypertension  (IAH)  as  a  pathological  state  where 
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Table  81 .1  Intra- abdominal  hypertension  grading  scale 

Grade 

IAP  (mmHg) 

1 

12-15 

2 

16-20 

3 

21-25 

4 

25  + 

Adapted  from  Malbrain  et  al.  [8] 


the  IAP  is  persistently  greater  than  12  mmHg. 
The  spectrum  of  IAH  is  broken  into  4  categories 
of  increasing  severity  (Table  81.1). 

Abdominal  compartment  syndrome  is  defined 
as  an  abdominal  compartment  pressure  of  greater 
than  20  mmHg  (class  3  or  greater)  that  is  associated 
with  new  organ  dysfunction  [8].  Common  organ 
dysfunction  associated  with  abdominal  compart¬ 
ment  syndrome  include  respiratory  (high  peak  and 
plateau  airway  pressures,  hypercarbia  and  hypox¬ 
emia)  and  renal  (oliguria,  increasing  serum  creati¬ 
nine,  acute  kidney  injury)  dysfunction. 

Extremity 

Risk  factors  for  extremity  compartment  syn¬ 
drome  can  be  separated  into  fracture  vs.  non¬ 
fracture  factors.  Fracture-related  risk  factors 
include  tibial  diaphyseal  fractures,  soft  tissue 
injury,  crush  injury  and  distal  radial  fractures  [9]. 
Non-fracture  risk  factors  include  older  age, 
greater  number  of  comorbidities,  presence  of  a 
coagulopathy  such  as  hemophilia  A  or  warfarin 
therapy,  an  increased  base  deficit,  lactate  and 
pRBC  transfusion  [10,  11].  Patients  with  at  least 
two  risk  factors  should  undergo  surveillance  via 
serial  clinical  exams  and  intracompartmental 
pressure  monitoring. 

Clinical  presentation  of  acute  extremity  com¬ 
partment  syndrome  is  most  notably  characterized 
by  pain  out  of  proportion  to  exam  and  pain  with 
passive  stretch  [4].  Paresthesias  and  paralysis  are 
late  signs.  These  clinical  signs  have  a  sensitivity 
of  14-16%  but  a  specificity  of  97%  [2]. 
Intracompartmental  pressures  can  be  obtained 
via  commercial  monitoring  devices  or  an  arterial 
blood  pressure  assembly.  The  threshold  for  diag¬ 
nosing  an  acute  compartment  syndrome  is  a 
dynamic  threshold  termed  A  P .  It  is  defined  as 
the  difference  between  the  diastolic  blood 


pressure  and  the  intracompartmental  pressure. 
A  threshold  of  less  than  30  mmHg  has  generally 
been  accepted  as  an  indication  for  fasciotomy 
[12].  The  sensitivity  and  specificity  of  continuous 
compartmental  monitoring  with  a  Af  of  less 
than  30  is  94  and  98  %,  respectively  [12]. 

Decompression 

Definitive  treatment  of  compartment  syndrome 
involves  surgical  decompression  of  the 
compartment. 

Abdomen 

The  gold  standard  for  treatment  of  acute  abdomi¬ 
nal  compartment  syndrome  is  a  decompressive 
laparotomy.  Laparotomy  is  associated  with  a 
decrease  in  intra-abdominal  pressure  with 
improvement  in  cardiac,  pulmonary  and  renal 
indices  Despite  these  improvements,  mortality 
still  remains  high  at  46  %  [13].  Temporizing  mea¬ 
sures  have  been  developed  to  decrease  intra¬ 
abdominal  pressure  in  hopes  of  preventing  an 
abdominal  compartment  syndrome  such  as  seda¬ 
tion,  supine  positioning,  and  neuromuscular 
blockade  [3].  Etiologies  due  to  increased  luminal 
or  abdominal  fluid  collections  could  benefit  from 
evacuation  through  nasogastric/orogastric  suc¬ 
tioning  and/or  drainage  of  the  fluid  collections 
[3].  These  measures  should  be  implemented  early 
before  the  development  ofACS  [3]. 

Extremity 

Upon  diagnosis  of  acute  extremity  compartment 
syndrome,  emergent  fasciotomy  to  release  the 
compartment  should  be  performed.  The  one 
exception  is  when  there  is  suspicion  that  the  com¬ 
partment  syndrome  may  have  been  ongoing  for 
greater  than  24  h.  In  a  retrospective  review  of  336 
combat  veterans,  delayed  fasciotomy  was  associ¬ 
ated  with  greater  rates  of  muscle  excision  (25  vs. 
11%),  amputation  (31  vs.  15%)  and  mortality 
(19  vs.  5%)  [14].  These  results  supported  the 
findings  of  Finkelstein  et  al  who  described  the 
clinical  course  in  5  patients  who  underwent 
delayed  fasciotomy  after  35  h  of  acute  extremity 
compartment  syndrome  [15].  One  patient  died 
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from  multi-organ  failure  and  septicemia,  and  the 
remaining  four  patients  required  amputations  to 
treat  refractory  infections,  multi-organ  failure 
and  sepsis.  They  speculated  that  after  24  h  most 
of  the  tissues  in  the  leg  had  died  and  by  exposing 
that  dead  tissue  to  the  open  air,  it  provided  a  sub¬ 
strate  for  bacterial  infection  [15].  Thus,  after 
24  h,  patients  suffering  from  acute  compartment 
syndrome,  should  probably  be  considered  for 
amputation  rather  than  fasciotomy. 

Wound  Management 

Once  the  compartment  is  released,  it  should 
remain  open  until  the  acute  compartment  syn¬ 
drome  has  resolved.  The  patient  then  has  an  open 
wound  that  will  require  closure.  Negative  pres¬ 
sure  therapy  has  been  shown  to  help  with  wound 
closure  in  both  the  abdomen  and  extremity. 

Abdomen 

The  WSACS  has  recommended  negative  pressure 
therapy  (NPT)  to  help  manage  the  open  abdomen 
[3].  NPT  has  been  shown  to  decrease  bowel  wall 
edema,  remove  cytokines,  and  reduce  the  inci¬ 
dence  of  intra- abdominal  abscesses  [16].  In  their 
review  of  the  literature,  the  WSACS  showed  that 
NPT  significantly  decreased  mortality  by  298 
deaths  per  1000  patients  and  increased  primary 
closure  by  350  per  1000  patients  [3].  One  poten¬ 
tial  complication  of  NPT  is  an  entero-atmospheric 
fistula  (EAF).  With  NPT,  EAF  incidence  ranges  in 
the  literature  from  2  to  20%,  as  compared  to  the 
rate  of  EAF  formation  with  planned  ventral  hernia 
repair,  5-9%  [17,  18].  As  per  the  WSACS  analy¬ 
sis,  the  calculated  relative  risk  of  EAF  with  NPT 
is  3.57  [3].  Following  NPT,  delayed  primary  clo¬ 
sure  should  be  attempted;  but  if  that  is  unable  to 
be  achieved,  a  prosthetic  mesh  can  be  sewn  in 
place,  followed  by  skin  grafting.  The  resulting 
ventral  hernia  can  then  be  repaired  electively  after 
6-12  months  [19]. 

Extremity 

Delayed  primary  closure  is  the  goal  for  all  fasciot¬ 
omy  wounds.  If  a  fasciotomy  cannot  be  closed  pri¬ 
marily,  a  skin  graft  may  be  necessary  for  coverage. 


Negative  pressure  therapy  has  been  studied  as  an 
adjunct  to  attain  delayed  primary  closure.  Zannis 
et  al.  retrospectively  compared  458  patients  who 
underwent  fasciotomy  in  a  10-year  period.  They 
looked  at  rates  of  primary  closure  between  NPT 
use  and  regular  dressing  changes  and  found  that 
NPT  use  was  associated  with  a  greater  percentage 
of  primary  closure  as  compared  to  traditional  dress¬ 
ings  changes  (78.8  vs.  50.8%).  Additionally,  the 
fasciotomy  wounds  closed  in  fewer  days  with  NPT 
use  (7.1  vs.  9.6  days  forprimary  closure;  8.5  vs. 
11.5  for  secondary  intention)  [20]. 


Evidence  Contour 

Compartment  syndrome  is  still  being  actively 
studied,  and  new  management  strategies  for  all 
aspects  of  acute  compartment  syndrome  are  still 
being  discussed. 

Abdomen 

Abdominal  Perfusion  Pressure 

Abdominal  perfusion  pressure  has  been  suggested 
as  a  preferable  means  of  diagnosing  compartment 
syndrome  over  absolute  pressure  alone.  Abdominal 
perfusion  pressure  is  defined  as  the  difference 
between  the  mean  arterial  pressure  (MAP)  and  the 
IAP  In  a  retrospective  study  by  Cheatham  et  al., 
they  examined  149  patients  with  I  AH  or  ACS  who 
underwent  IAP  monitoring  in  a  25  month  period 
[21].  Using  ROC  curve  analysis,  they  found  that 
APP  as  defined  above  was  a  better  predictor  of 
patient  survival  than  either  MAP  or  IAP  alone. 

Fluid  Management 

The  WSACS  has  suggested  that  a  damage  -  con¬ 
trol  resuscitation  (DCR)  protocol,  ie.  permissive 
hypotension,  limited  crystalloids  and  increased 
FFP:RBC  ratio,  may  be  beneficial  during  the 
initial  resuscitation.  This  is  supported  by  a  pro¬ 
spective  series  of  141  trauma  patients  by  Cotton 
et  al  who  looked  at  providing  blood  products 
early  in  exsanguinating  trauma.  They  found  a 
decreased  incidence  of  abdominal  compartment 
syndrome  and  increased  survival  [22].  This  was 
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subsequently  supported  by  another  retrospective 
series  of  390  patients  who  either  received  DCR  or 
not  [23].  Both  studies  found  that  giving  a  greater 
FFP:RBC  ratio  earlier  in  a  patient’s  resuscitation 
significantly  reduces  the  amount  of  crystalloid 
administered  and  the  incidence  of  ACS  [22,  23]. 
Both  studies  are  criticized  for  their  use  of  histori¬ 
cal  controls  and  relatively  small  sample  sizes. 
The  WSACS  has  also  recommended  implemen¬ 
tation  of  a  fluid  management  protocol  for  at-risk 
patients  to  achieve  an  even  or  negative  fluid  bal¬ 
ance  once  resuscitation  is  completed  [3]. 
Currently,  many  ICU’s  use  a  combination  of 
diuresis,  albumin  and  continuous  renal  replace¬ 
ment  therapies  (CRRT)  to  achieve  that  balance. 
These  modalities  have  not  been  studied  specifi¬ 
cally  in  the  context  of  their  effects  on  IAP  though. 
A  Belgium  study  is  currently  examining  the 
effects  of  CRRT  on  intra-abdominal  pressure. 

Percutaneous  Drainage 

Percutaneous  drainage  has  been  studied  as  a  pos¬ 
sible  alternative  means  of  decompressing  the 
abdomen  in  order  to  avoid  the  complications  of 
decompressive  laparotomy  such  as  lateralization 
of  the  fascia,  EAF  and  non-closure  of  the  abdo¬ 
men.  The  evidence  for  this  practice  lies  mainly  in 
case  reports  in  burn  patients  and  secondary  ACS 
where  there  is  a  buildup  of  intraperitoneal  fluid 
from  massive  resuscitation.  A  case  control  study 
of  62  patients  by  Cheatham  et  al  comparing  per¬ 
cutaneous  drainage  vs.  open  decompression  for 
all  etiologies  showed  that  percutaneous  drainage 
was  not  inferior  to  open  decompression  in  regards 
to  hospital  stay  (40  vs.  49,  P=0.4)  and  mortality 
(58  vs.  39%,  P=0.2).  They  did  see  a  non- 
statistically  significant  trend  in  recurrent  ACS 
with  percutaneous  drainage  (64  vs  48  %;  P  =  0.39) 
[24] .  Several  ongoing  trials  are  looking  at  percu¬ 
taneous  drainage  in  the  setting  of  acute  pancreati¬ 
tis,  severe  sepsis  and  managing  IAH. 

Extremity 

Infared  Spectroscopy 

Near  -  infared  spectroscopy  (NIS)  is  an  optical 
technique  that  measures  the  oxygenated  state  of 


hemoglobin  within  a  tissue.  It  has  been  proposed 
as  more  direct  means  of  assessing  tissue  perfu¬ 
sion  in  the  context  of  extremity  compartment 
syndrome.  There  are  no  clinical  studies  to  sup¬ 
port  the  use  of  near  -  infared  spectroscopy  in 
diagnosing  an  acute  extremity  compartment  syn¬ 
drome  at  this  time,  but  an  animal  model  of 
extremity  compartment  syndrome  has  shown  a 
strong  correlation  between  compartment  pres¬ 
sures  and  spectroscopy  readings  [25].  There  are 
currently  9  ongoing  clinical  trials  at  different 
stages  of  completion  that  are  looking  at  near- 
infared  spectroscopy  as  a  diagnostic  tool  for 
extremity  compartment  syndrome. 

Dermotraction 

Split  thickness  skin  grafts  (STSG)  are  the  gold  stan¬ 
dard  for  fasciotomy  closure  if  delayed  primary  clo¬ 
sure  cannot  be  achieved.  STSGs  create  a  second 
wound,  can  cause  pain  at  the  donor  site,  cause 
numbness  at  the  graft  site,  and  is  associated  with 
weakness  in  the  underlying  muscle  due  to  the  lack 
of  fascia  [26].  For  these  reasons,  many  surgeons 
have  explored  other  means  of  achieving  delayed 
primary  closure.  Using  either  sutures  or  a  commer¬ 
cial  device,  the  concept  is  to  apply  gradual  mechan¬ 
ical  traction  to  the  fascia  over  time  to  achieve 
closure.  Most  dermatotraction  techniques  are  based 
on  the  “shoelace”  technique  [27]  where  vessel  loops 
are  criss-crossed  from  both  sides  of  the  wound  and 
then  stapled  to  the  skin  edge.  The  vessels  are  tight¬ 
ened  every  48  h  until  closure  is  achieved.  The  evi¬ 
dence  behind  this  technique  and  the  devices  are  all 
reported  in  small  case  series  ranging  from  2  to  56 
patients  [26].  Larger  comparative  studies  will  have 
to  be  performed  to  assess  non-inferiority  of  this 
technique  with  negative  pressure  therapy. 
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Case  Presentation 

A  34  year  old  male  presented  to  the  outside  hos¬ 
pital  with  a  2  day  history  of  shortness  of  breath, 
chest  pain,  and  syncope  while  walking.  He  had 
yellow  sputum,  a  saturation  of  85  %  on  room  air, 
and  a  RLL  infiltrate  on  CXR  (Fig.  82.1).  Blood 
cultures  were  negative.  He  was  started  on  levo- 
floxacin  and  only  required  2  L  of  02  via  nasal 
cannula.  The  next  day,  he  had  worsening  short¬ 
ness  of  breath  and  rapidly  increasing  oxygen 
requirements.  He  was  intubated  and  started  on 
vancomycin  and  piperacillin/tazobactam.  CT 
showed  bilateral  lower  lobe  consolidation  and 
enlarged  mediastinal  lymph  nodes.  His  ABG 
with  Fi02  1.0  and  PEEP  18  cm  H20  was 
7.45/44/65.  He  was  transferred  to  a  quaternary 
care  center.  Oseltamivir  and  azithromycin  were 
added.  Influenza  A  PCR  test  returned  positive. 
Neuromuscular  blockade,  recruitment  maneu¬ 
vers,  proning,  and  inhaled  nitric  oxide  as  rescue 
strategies  for  severe  hypoxemia  improved  his 
oxygenation  initially,  but  Pa02  then  worsened  to 
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45  and  CXR  demonstrated  worsening  bilateral 
infiltrates  (Fig.  82.2).  He  also  developed  hypo¬ 
tension  requiring  multiple  vasopressors  and 
CRRT  was  initiated  for  acute  anuric  kidney 
injury. 

Question  What  intervention  would  you  con¬ 
sider  next? 

Answer  Extracorporeal  membrane  oxygenation 
(ECMO)  evaluation 

This  patient  has  severe  ARDS  (pa02/Fi02 
ratio  <100)  [1]  and  was  initiated  on  lung  pro¬ 
tective  ventilation  measures  per  the  ARDSnet 


Fig.  82.1  Admission  Chest  Radiograph 
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Fig.  82.2  Hospital  day  2  Chest  Radiograph 


strategy  [2].  With  the  development  of  severe 
hypoxemia,  appropriate  rescue  strategies  were 
implemented  (proning,  neuromuscular  blockade, 
recruitment  maneuvers,  and  inhaled  nitric  oxide). 
When  severe  refractory  hypoxemia  developed, 
he  was  evaluated  for  ECMO.  A  bicaval  dual 
lumen  ECMO  cannula  was  placed  via  the  right 
internal  jugular  vein  under  serial  X-ray  guidance 
[3]  (Figs.  82.3  and  82.4). 

A  heparin  bolus  (100  u/kg  IV)  was  adminis¬ 
tered  and  a  31  French  bicaval  dual-lumen  can¬ 
nula  was  advanced  into  position  with  the  tip  in 
the  subdiaphragmatic,  perihepatic  inferior  vena 
cava  (Figs.  82.3,  82.4,  and  82.5).  Venovenous 
ECMO  was  initiated  with  a  sweep  of  2  F/min  on 
a  single  oxygenator  and  a  blood  flow  rate  of  4  F/ 
min  on  the  centrifugal  pump.  His  ABG  on  these 
settings  were  7.38/42/75.  Continuous  heparin 


Fig.  82.3  Guidewire 
from  right  IJ  to  right  iliac 
vein 
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infusion  was  initiated  for  systemic  anticoagula¬ 
tion.  Fi02  was  weaned  to  50%,  inhaled  nitric 
oxide  weaned  off,  neuromuscular  blockade  was 
discontinued,  and  spontaneous  ventilation  was 
initiated.  VV-ECMO  was  weaned  when  native 
lung  oxygenation  improved. 


Fig.  82.4  31 -French  Bicaval  Dual-lumen  Cannula  for 
VV-ECMO  via  right  IJ  vein 


Principles  of  Management 
ECMO  Indications 


ECMO  should  be  considered  for  the  most  severe 
forms  of  acute  respiratory  failure,  including  severe 
hypoxemia  and  severe  ARDS  when  other  less  costly 
strategies  fail  (Fig.  82.6).  ECMO  replaces  pulmo¬ 
nary  function,  allows  ultra-protective  mechanical 
ventilation  settings,  and  may  facilitate  lung  healing. 

ECMO  should  be  considered  in  hypoxic  respi¬ 
ratory  failure  from  any  cause  when  the  risk  of  mor¬ 
tality  is  50  %  or  greater,  and  is  indicated  when  the 
risk  of  mortality  is  80  %  or  greater.  A  50  %  mortal¬ 
ity  risk  is  associated  with  a  Pa02/Fi02<  150  on 
FiO2>90%  and/or  Murray  score  2-3  (Table  82.1). 
An  80%  mortality  is  associated  with  a  Pa02/ 
FiO2<100  on  FiO2>90%  and/or  Murray  score 
3-4  despite  optimal  care  for  6  h  or  more.  Other 
indications  include  C02  retention  on  mechanical 
ventilation  despite  high  Ppiateau  (>30  cm  H20), 
severe  air  leak  syndromes,  a  need  for  intubation  in 
a  patient  on  the  lung  transplant  list,  and  immediate 
cardiac  or  respiratory  collapse  (PE,  blocked  air¬ 
way,  unresponsive  to  optimal  care). 

ECMO  survival  in  adults  with  severe  respira¬ 
tory  failure  has  significantly  improved.  The 
ELSO  registry  report  from  1986  to  2006  included 
1473  patients  with  severe  respiratory  failure 
treated  with  ECMO  and  50  %  survived  to  hospital 
discharge  [4].  In  the  most  recent  study  of  adult 


Fig.  82.5  Optimal  position  of  the  bicaval  dual-lumen  cannula  with  de-oxygenated  blood  outflow  to  ECMO  circuit  and 
oxygenated  blood  inflow  to  right  atrium  via  medial  infusion  port 
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Fig.  82.6  Treatment  and 
Rescue  Strategies  in  ARDS 
(Definition  Task  Force 
ARDS  [1]) 


Acute  respiratory  distress  syndrome 

The  berlin  definition 
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Table  82.1  Murray  Score  for  consideration  of  ECMO 


Parameter/score 

0 

1 

2 

3 

4 

Pa02/Fi02 

(On  100%  Oxygen) 

>300  mmHg 
>40  kPa 

225-299 

30-40 

175-224 

23-30 

100-174 

13-23 

<100 

<13 

CXR 

Normal 

1  point  per  quadrant  infiltrated 

PEEP  (cmH20) 

<5 

6-8 

9-11 

12-14 

>15 

Compliance  (ml/ 
cmEEO) 

>80 

60-79 

40-59 

20-39 

<19 

VV  ECMO  inclusion  criteria  -  Murray  score  =  average  score  of  all  4  parameters 


patients  with  severe  acute  respiratory  failure 
treated  with  ECMO  from  2000  to  2012  from  the 
Extracorporeal  Life  Support  Organization 
(ELSO)  international  registry,  1338  (57%)  of 
2355  patients  were  discharged  alive  from  hospi¬ 
tal  [5].  Hospital  survival  was  71%  in  2009 
Influenza  A  (H1N1)  ARDS  patients  treated  with 
ECMO  [6].  Referral  to  an  ECMO  Center  was 
associated  with  significantly  decreased  mortality 
among  patients  with  severe  ARDS  due  to  2009 
Influenza  A  (H INI)  viral  pneumonia  [7].  But  it  is 
recognized  that  data  from  retrospective  series 
will  never  eliminate  the  bias  of  patient  selection 
to  receive  ECMO. 

Positive  reports  from  the  prospective  random¬ 
ized  CESAR  trial  in  2009  (Conventional  Ventilation 
or  ECMO  for  Severe  Adult  Respiratory  Failure 
trial)  and  from  the  H1N1  pandemic,  in  addition  to 
reduced  complexity  and  increased  safety  of  ECMO 


have  led  to  an  increased  use  of  ECMO  for  severe 
ARDS.  The  CESAR  trial  documented  no  death  or 
severe  disability  in  63  %  of  patients  randomized  to 
the  Leicester  protocol,  which  included  ECMO, 
compared  to  47%  on  conventional  treatment  [8]. 
The  CESAR  trial  confirmed  significant  benefit  for  a 
strategy  of  referral  to  a  single  ECMO-capable  hos¬ 
pital  for  ECMO  assessment  and  management  if  cri¬ 
teria  were  met.  Overall  survival  for  adult  respiratory 
ECMO  is  57%  and  since  the  H1N1  pandemic  of 
2009,  and  ECMO  usage  for  adult  respiratory  failure 
remains  above  400  cases  per  year  [6,  9]. 

ECMO  Contraindications 

Although  there  are  no  absolute  contraindications 
to  ECMO,  the  following  factors  should  be  con¬ 
sidered  relative  contraindications: 
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1.  Mechanical  ventilation  at  high  settings 
(FiO2>0.9,  P-plat  >30  cm  H20)  for  7  days  or 
more  (Lower  likelihood  of  recovery  if  >5  days 
on  the  ventilator  at  these  settings) 

2.  Major  pharmacologic  immunosuppression 
(absolute  neutrophil  count  <400/mm3) 

3.  Contraindications  to  systemic  anticoagulation 
(includes  recent  or  expanding  CNS  hemorrhage) 

4.  Increasing  risk  with  advanced  age 

Initial  ECMO  Management 

Venovenous  ECMO  access  is  adequate  with  either 
a  bicaval  dual-lumen  cannula  via  the  right  internal 
jugular  vein  or  two  separate  cannulas  in  the  femo¬ 
ral  and  jugular  veins  (Fig.  82.7).  Flow  via  the  cen¬ 
trifugal  pump  should  start  at  50-80  cc/dry  kg/min 
and  then  turned  down  to  maintain  Sa02  >80-85  % 
at  rest  mechanical  ventilation  settings.  The  sweep 


gas  flow  should  be  titrated  to  a  near-normal  PaC02. 
Anticoagulation  with  heparin  should  maintain  a 
PTT  of  40-50  s.  Ventilator  pressures  and  Fi02  are 
initially  high  during  ECMO  cannulation  but 
should  be  decreased  to  Fi02  0.4-0. 5  with 
Ppiateau  <25  cm  H20  and  optimal  Ppeep  (10-15  cm 
H20)  to  avoid  damage  but  prevent  atelectasis  and 
total  consolidation. 

Weaning  Off  of  ECMO 

As  native  ventilation  and  oxygenation  improve, 
incrementally  decrease  the  sweep  to  maintain 
adequate  ventilation  and  Sa02>95  %.  If  the  Sa02 
is  stable  on  these  settings,  a  trial  off  ECMO  can 
be  done  by  clamping  the  sweep  gas  while  on  lung 
protective  ventilation  settings.  If  Sa02>95  %  and 
PaCO2<50  mmHg  for  an  hour,  consider  discon¬ 
tinuing  ECMO. 


Fig.  82.7  (a)  Traditional  ECMO  (right  IJ/femoral  vein)  venovenous  ECMO  awaiting  lung  transplantation 
vs.  dual  lumen  Avalon  VV-ECMO  (less  mixing,  no  (Courtesy  of  Charles  Hoopes,  MD,  with  permission)  and 
streaming,  allows  patient  ambulation),  (b)  Patient  on  (c)  ECMO  circuit 
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Post-ECMO  Considerations 

The  post-ECMO  incidence  of  venous  thrombus  is 
common  (particularly  with  femoral  venous  can- 
nulae),  with  rates  of  pulmonary  emboli  found  on 
post  ECMO  H1N1  confirmed  cases  as  high  as 
50  %  in  a  single  center  case  report.  Traditionally, 
IVC  filters  are  placed  after  ECMO  decannula- 
tion,  however,  a  technique  for  guide  wire  exchange 
of  the  ECMO  cannula  to  allow  IVC  filter  place¬ 
ment  using  intravascular  ultrasound  has  been 
described  and  successfully  demonstrated  [10]. 

Extracorporeal  C02  Removal  (ECC02R) 

Extracorporeal  C02  Removal  (ECC02R)  is  a 
related  technology  that  only  addresses  C02 
exchange.  The  first  clinical  study  of  the  safety 
and  efficacy  of  using  partial  ECC02R  with  a 
pump-less,  arterio-venous  gas  exchange  device 
to  treat  acute  hypercapnic  respiratory  failure  on 
non-invasive  ventilation  (NIV)  was  done  in  2012 
[11].  In  the  retrospective  review,  14  of  the  21 
patients  treated  with  ECC02R  had  an  acute  exac¬ 
erbation  of  COPD  and  90%  of  the  21  did  not 
require  intubation.  No  significant  mortality  dif¬ 
ference  was  found.  A  subsequent  pilot  study  was 
performed  on  COPD  patients  receiving  partial 
ECC02R  and  showed  that  all  9  patients  with 
COPD  requiring  NIV  avoided  intubation.  The 
group  of  11  patients  who  were  already  intubated 
had  a  lesser  degree  of  benefit,  suggesting  that 
ECC02R  may  provide  more  clinical  benefit  if 
applied  prior  to  ventilator  dependence  [12]. 
Additional  pilot  studies  and  randomized  clinical 
trials  for  ECC02R  therapy  as  an  adjunct  to  NIV 
in  COPD  are  underway  [13,  14]. 

Evidence  Contour 
ECMO 

The  use  of  adult  ECMO  in  the  setting  of  ARDS 
has  increased  dramatically  since  the  H1N1  pan¬ 
demic  as  well  as  the  CESAR  trial.  Although  the 
trial  showed  a  significant  mortality  benefit  in  the 


group  transferred  for  ECMO  evaluation  vs  the 
conventional  ventilation  group,  25  %  in  the 
ECMO  evaluation  arm  did  not  receive  ECMO 
therapy  and  the  control  cohort  did  not  receive 
standardized  lung  protective  ventilation  [8]. 
However,  considering  that  transporting  patients 
on  ECMO  can  be  done  safely  [15],  the  interven¬ 
tion  of  referring  an  eligible  patient  to  a  special¬ 
ized  center  with  ECMO  capability  resulted  in  a 
significant  mortality  benefit  (3 1  %  reduction  in 
mortality  in  specialized  center). 

Prolonged  ECMO 

Since  ECMO  is  now  being  used  in  severe  ARDS 
patients  who  have  failed  other  rescue  strategies 
(neuromuscular  blockade,  prone  position  and 
inhaled  nitric  oxide),  we  have  noted  that  more 
prolonged  ECMO  support  is  commonly  required. 
A  recent  study  of  the  Extracorporeal  Life  Support 
Organization  (ELSO)  registry  confirmed  that  974 
patients  had  prolonged  ECMO  defined  as 
>14  days  ECMO  support,  with  a  mean  ECMO 
duration  of  25  days  (range  15-208  days)  [16]. 
Interestingly,  hospital  survival  rate  for  prolonged 
ECMO  for  ARDS  was  45.4%,  and  prolonged 
ECMO  survival  increased  in  recent  years  since  it 
has  been  used  more  frequently  and  ambulation  is 
now  possible  with  the  dual-lumen  cannulae. 

ECMO  Trial  Data 

A  meta-analysis  of  the  three  ECMO  randomized 
controlled  trials  documented  a  summary  risk  ratio 
of  0.93  (95%  Cl  0.71-1.22),  providing  insuffi¬ 
cient  evidence  to  provide  firm  recommendations 
for  ECMO  [17].  The  use  of  ECMO  for  severe 
ARDS  thus  remains  controversial.  However,  cli¬ 
nicians  consider  ECMO  within  the  context  of 
other  rescue  strategies  for  severe  hypoxemia  and 
severe  acute  respiratory  failure  (Fig.  82.6). 

Further  evidence  of  the  efficacy  of  venove- 
nous  ECMO  in  adult  patients  with  severe  ARDS 
from  the  ongoing  ECMO  to  rescue  Lung  Injury 
in  severe  ARDS  (EOLIA;  ClinicalTrials.gov 
NCT01470703)  [18]  trial  may  lead  to  further 
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Inclusion  criteria 

1 .  Severe  ARDS  defined  according  to  usual  criteria,  and 

2.  Meeting  1  of  the  3  following  criteria  of  severity: 

a.  Pa02/Fi02  ratio  <50  mm  Hg  with  Fi02  >80  %  for  >3  h,  despite 
optimization  of  mechanical  ventilation  and  despite  possible  recourse  to 
usual  adjunctive  therapies  (NO,  recruitment  maneuvers,  prone  position, 
HFO  ventilation,  almitrine  infusion)  OR 

b.  Pa02/Fi02  ratio  <80  mm  Hg  with  Fi02  >80  %  for  >6  h,  despite 
optimization  of  mechanical  ventilation  and  despite  possible  recourse  to 
usual  adjunctive  therapies  (NO,  recruitment  maneuvers,  prone  position, 
HFO  ventilation,  almitrine  infusion)  OR 

c.  pH  <7.25  for  >6  h  (RR  increased  to  35/min)  resulting  from  MV 

settings  adjusted  to  keep  Pplat  <32  cm  H20  (first,  Vt  reduction  by  steps  of 
1  mL/kg  to  4  mL/kg  then  PEEP  reduction  to  a  minimum  of  8  cm  H20 

3.  Obtain  patient’s  consent  or  emergency  consent 


Experimental  treatment  arm 

Control  conventional  treatment  arm 

-  Venovenous  ECMO  will  be  started  as  rapidly 

-  Conventional  management  of  ARDS 

as  possible 

-  Ventilatory  settings:  volume-assist  control 

-  Mechanical  ventilation  settings:  volume- 

mode,  VT  6  ml/kg  of  ideal  body  weight  and 

assist  control  mode,  Fi02  30-60  %,  PEEP  >10 

PEEP  adapted  so  as  not  to  exceed  plateau 

cm  H20,  Vt  lowered  to  obtain  a  plateau 

pressure  of  28-30  cm  H20 

pressure  <20  cm  H20,  RR  10-30/min  or 

-  In  the  case  of  refractory  hypoxemia,  the  usual 

APRV  mode  with  high  pressure  level  <20  cm 

adjunctive  therapeutics  can  be  used:  NO, 

H20  an  low  pressure  level>10  cm  H20 

prone  position,  HFO  ventilation, 

-ECMO  weaning  according  to  protocol 

almitrine  infusion 

-  Cross-over  option  to  ECMO  possible  if 
refractory  hypoxemia  defined  as  Sa02  <80% 
for  >60  h,  despite  mandatory  use  of 
recruitment  maneuvers,  and  inhaled 
NO/prostacyclin  and  if  technically  possible  a 
test  of  prone  position 

Fig.  82.8  EOLIA  trial  Inclusion  Criteria  and  Randomization  groups 


expansion  of  ECMO  use.  This  is  a  multicenter 
international  RCT  with  best  care  possible  in  the 
ECMO  arm  with  ECMO  initiated  in  every  patient 
randomized  using  the  most  recent  ECMO  tech¬ 
nology  (CardioHelp,  Maquet,  Inc.)  and  transport 
of  randomized  patients  to  the  referral  center 
under  ECMO  support.  ECMO  will  be  managed 
only  in  highly  experienced  centers.  The  control 
arm  will  be  highly  protective  mechanical  venti¬ 


lation  with  plateau  pressure  limited  to  <24  cm 
H20  and  high  PEEP,  high  recruitment  strategy  of 
the  EXPRESS  trial.  An  ethical  cross-over  option 
to  ECMO  is  available  if  a  control  patient  devel¬ 
ops  refractory  hypoxemia. 

The  inclusion  criteria  for  the  EOLIA  trial  are 
provided  in  Fig.  82.8.  The  primary  endpoint  will 
be  all-cause  mortality  at  day  60. 
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ECMO  Outcome  Prediction 

A  number  of  prognostic  scoring  systems  have 
been  proposed  for  patients  with  ARDS  sup¬ 
ported  with  ECMO.  The  most  recent  is  the 
Respiratory  ECMO  Survival  Prediction  (RESP) 
score  which  includes  12  simple  variables  that 
are  readily  available  to  clinicians  and  obtained 
from  a  large  derivation  cohort  (n  =  2355)  [5, 
19].  Future  additional  research  is  needed  to 
validate  these  predictive  scores  and  assist  in 
determination  of  the  optimal  patients  who 
would  benefit  from  ECMO. 
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Management  of  Acute  Thermal 
Injury 


Kavitha  Ranganathan,  Stewart  C.  Wang, 
and  Benjamin  Levi 


Case  Presentation 

A  35  year  old  male  with  a  history  of  alcohol  and 
drug  abuse  is  brought  to  the  Emergency 
Department  after  sustaining  partial  and  full  thick¬ 
ness  burns  to  his  bilateral  anterior  upper  extremi¬ 
ties,  chest,  face,  and  neck.  On  physical  exam,  the 
patient  has  singed  nasal  hairs  as  well  as  soot  in 
the  perioral  region.  His  extremities  appear  well 
perfused.  He  is  mildly  sedated  but  appropriately 
oriented  (Fig.  83.1). 

Question  What  is  the  most  important  first  step 
in  management? 

Answer  In  the  setting  of  thermal  injury,  a  com¬ 
plete  primary  survey  must  be  performed  in  accor¬ 
dance  with  ACLS  guidelines  to  assess  the  exact 
nature  of  injuries  [1,  2].  On  presentation,  the  air¬ 
way  must  be  secured,  breathing  must  be  assessed 
and  large  bore  IV  access  must  be  placed  to  facili¬ 
tate  aggressive  fluid  resuscitation  [3].  Though  it  is 
preferred  to  obtain  IV  access  in  non-burned  tis¬ 
sues,  sometimes  this  is  necessary.  Despite  higher 
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infectious  risk,  central  access  might  still  be 
required.  Prior  to  presentation,  it  is  of  utmost 
importance  to  isolate  the  patient  from  the  cause  of 
the  injury,  using  aggressive  irrigation  of  the  tis¬ 
sues  if  necessary  in  the  setting  of  chemical  injury. 

This  patient  presents  with  facial  burns,  and  it 
is  critical  to  assess  airway  patency  immediately 
on  arrival.  Bronchoscopy  is  the  definitive  form  of 
airway  assessment.  Although  it  is  also  important 
to  take  note  of  physical  exam  findings  that  can 
indicate  potential  injury  to  the  airway  such  as 
singed  nasal  hairs  or  soot  in  the  airway,  these 
exam  findings  are  not  always  accurate,  and  early 
protection  of  the  airway  is  critical  to  the  immedi¬ 
ate  survival  of  patients  presenting  with  thermal 
injuries  [4].  If  there  is  even  minor  concern  for 
inhalation  injury,  immediate  intubation  is 
required.  Chest  X-ray  can  be  performed  at  this 
time  to  ensure  appropriate  placement  of  the  endo¬ 
tracheal  tube  and  to  serve  as  a  baseline  given  that 
pneumonia  is  the  most  common  inpatient  com¬ 
plication  and  cause  of  death  for  patients  with 
burns.  Importantly,  succinyl  choline  must  be 
avoided  on  induction  of  anesthesia  in  patients 
with  long-standing  thermal  injury  given  the  high 
risk  for  hyperkalemia  due  to  upregulation  of  ace¬ 
tylcholine  receptors  post-injury. 

Once  the  airway  has  been  secured  and  the 
patient  is  hemodynamically  stable,  the  extent  of 
burn  injury  must  be  quantified.  Total  body 
surface  area  (TBS A)  is  a  critical  factor  in  this 
process  (Table  83.1).  TBS  A  impacts  survival. 
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Patients  with  greater  than  10  %  TBS  A  burns  are 
commonly  admitted  to  an  intensive  care  unit  for 
monitoring.  Importantly,  only  deep  partial  and 


Fig  .83.1  A  35  year  old  male  presents  with  partial  and  full 
thickness  burns  as  depicted  as  a  result  of  severe  trauma  and 
thermal  injury.  There  is  significant  soft  tissue  damage,  and 
eminent  airway  compromise  as  a  result  of  the  injury 


full  thickness  burns  are  included  in  the  determi¬ 
nation  of  TBS  A;  superficial  injuries  are  not 
included  (Table  83.2).  This  patient  has  approxi¬ 
mately  36  %  TBS  A  burns  (9  %  anterior  bilateral 
upper  extremities,  9%  head/neck).  There  are 
three  zones  of  tissue  injury:  1.  zone  of  coagula¬ 
tion,  2.  zone  of  stasis,  3.  zone  of  hyperemia.  The 
zone  of  coagulation  is  the  site  most  severely  and 
irreversibly  injured  by  the  initial  injury.  The 
zone  of  stasis  however,  can  be  salvaged  with 
appropriate  resuscitation.  The  zone  of  hyper¬ 
emia  although  damaged,  can  heal  on  its  own 
without  required  additional  interventions.  Thus, 
immediate,  aggressive  resuscitation  is  critical  to 
maximize  tissue  viability  and  salvage  of  the 
zone  of  stasis  [1].  After  the  primary  survey,  the 
next  step  is  to  promptly  initiate  aggressive  fluid 
resuscitation. 


Table  83.1  Distribution  of  total  body  surface  area 


Anatomic  surface 

Percentage  of  total  body  surface 
area 

Head  and  neck 

9% 

Anterior  trunk 

18% 

Posterior  trunk 

18% 

Upper  extremities 

9  %  each 

Lower  extremities 

18%  each 

Genitalia 

1% 

Table  83.2  Lund  and  Browder  chart 


Age  (years) 

0-1 

1-4 

5-9 

10-14 

15 

Adult 

Head 

9.5 

8.5 

6.5 

5.5 

4.5 

3.5 

Anterior  or 

Posterior  Thigh 

2.75 

3.25 

4 

4.5 

4.5 

4.75 

Anterior  or 

Posterior  Leg 

2.5 

2.5 

2.75 

3 

3.25 

3.5 

Arm 

2 

2 

2 

2 

2 

2 

Forearm 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

Hand 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

Genitalia 

1 

1 

1 

1 

1 

1 

Gluteus 

5 

5 

5 

5 

5 

5 

Anterior  or 

Posterior  Thorax 

13 

13 

13 

13 

13 

13 

Neck 

1 

1 

1 

1 

1 

1 

Foot 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

Method  of  estimating  surface  area  affected  by  the  burn  that  accounts  for  age  as  a  factor  affecting  growth  [20] 
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Principles  of  Management 
Diagnosis 

Several  factors  must  be  considered  on  initial 
evaluation  of  a  burn.  The  type  of  burn  (scald, 
electrical,  chemical,  or  flame),  depth  of  the  burn 
(superficial  partial,  deep  partial,  full  thickness), 
mechanism  of  injury,  comorbidities,  and  social 
situation  must  be  thoroughly  investigated  [5]. 
Superficial  partial  thickness  burns  penetrate 
through  the  superficial  dermis,  and  are  associ¬ 
ated  with  severe  pain  given  the  lack  of  complete 
injury  to  the  adnexal  structures  (Fig.  83.2).  These 
burns  commonly  heal  without  surgical  interven¬ 
tion.  Deep  partial  thickness  burns  extend  to  the 
reticular  dermis,  and  may  not  be  associated  with 
pain.  Compared  to  the  mildly  hyperemic  tissues 
of  superficial  partial  thickness  injuries,  deep  par¬ 
tial  thickness  burns  are  lobster  red  in  color.  Due 
to  complete  loss  of  adnexal  structures,  the  tis¬ 
sues  become  dry,  non-tender,  and  commonly 
require  surgical  intervention  to  ensure  appropri¬ 
ate  healing.  Full  thickness  burns  extend  beyond 
the  dermis  into  the  subcutaneous  tissues. 
Immediate  surgical  intervention  is  critical  to 
optimal  healing  of  these  burns,  and  significantly 
minimizes  the  risk  for  burn  wound  cellulitis  and 
sepsis  [6]. 


Question  What  are  the  three  most  common 
complications  that  occur  in  patients  with  burns? 

Answer  The  most  common  complication  and 
cause  of  death  in  patients  with  bums  is  pneumonia. 

This  can  be  decreased  with  early  wake  and 
extubate  strategies  as  used  in  the  general  critical 
care  population.  The  second  and  third  most  com¬ 
mon  complications  are  wound  cellulitis  and  burn 
wound  infection  and  urinary  tract  infections, 
respectively  [6].  These  complications  can  be 
decreased  with  early  debridement  and  grafting 
and  early  removal  of  foley  catheters  when  no  lon¬ 
ger  needed  to  assess  resuscitation. 

Question  What  are  appropriate  options  for  local 
wound  care? 

Answer  This  patient  received  daily  sulfamylon 
or  silver  nitrate  soaks  to  his  upper  extremities. 
The  facial  burns  were  treated  with  bacitracin  and 
xeroform  dressings  daily. 

Wound  Care 

Proper  wound  care  is  the  cornerstone  of  proper 
burn  care  [5].  Superficial  partial  thickness  burns 


Fig.  83.2  Anatomy  of  the 
skin  and  subcutaneous 
tissue  important  in 
determining  the  percent¬ 
age  of  total  body  surface 
area  involved  after 
thermal  injury  (From 
Nelingan  et  al.  [1]. 
Reprinted  with  permission 
from  Elsevier  Limited) 


Epidermis 


Dermis 


Adipose 

Muscle 


Dead  tissue 


— -Injured  tissue 


Normal  skin 


First  degree  _  .  , 

epidermal  SuPerf'cial  Deep 
second  second 


Third 
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Table  83.3  Commonly  used  topical  ointments  for  local  wound  care 


Topical  agent 

Targeted  microorganisms 

Complications 

Bacitracin 

Gram-positives  and  Gram-negatives 

Allergic  reaction  (hyperemia) 

Silvadene 

Gram-positives  and  Gram-negatives 

Leukopenia 

Sulfamylon 

Gram-positives 

Metabolic  acidosis 

Silver  nitrate 

Staphylococcus,  Gram-negative 
aerobes  and  fungal  species 

Hyponatremia,  hypokalemia 

can  be  treated  with  bacitracin  and  xeroform 
dressings.  These  dressings  provide  a  moist  envi¬ 
ronment  to  facilitate  prompt  reepithelialization  of 
the  traumatized  tissues.  Xenograft  can  also  be 
used  to  treat  painful  superficial  partial  thickness 
burns.  Burns  on  the  face,  especially  over  areas  of 
exposed  cartilage,  are  treated  with  sulfamylon 
ointment.  It  is  important  to  obtain  regular  basic 
metabolic  panels  given  the  risk  of  metabolic 
acidosis  that  can  occur  with  use  of  sulfamylon. 
Sulfamylon  soaks  can  also  be  utilized  over  the 
whole  body,  and  are  performed  two  to  three  times 
daily  given  the  broad- spectrum  antimicrobial 
coverage.  Importantly  sulfamylon  does  not  cover 
fungal  species.  Silver  nitrate  soaks  are  an  alterna¬ 
tive  and  have  broad  bacterial  and  fungal  coverage 
and  are  cheaper  than  sulfamylon  soaks.  Silvadene 
is  another  commonly  used  ointment.  Unlike  sulfa¬ 
mylon,  however,  silvadene  does  not  penetrate 
eschar  and  is  associated  with  leukopenia.  Silvadene 
can  be  mixed  with  nystatin  to  broaden  coverage. 
Although  known  to  have  antimicrobial  properties, 
the  use  of  silver  dressings  in  the  setting  of  burn 
injury  has  not  been  shown  to  minimize  wound 
infections  [7]  (Table  83.3). 

Surgical  Intervention 

One  of  the  most  critical  factors  for  improving 
mortality,  decreasing  morbidity,  and  minimizing 
the  risk  of  complications  including  infection  is 


prompt  operative  intervention.  Deep  partial 
thickness  and  full  thickness  burns  should  be 
treated  as  soon  as  possible  with  tangential  exci¬ 
sion  to  the  level  of  healthy  bleeding  tissue  fol¬ 
lowed  by  coverage  with  split  thickness  skin 
autografts  if  possible.  Without  immediate 
debridement,  the  incidence  of  cellulitis  increases 
dramatically,  and  is  a  frequent  cause  of  sepsis  in 
patients  with  burns  [6].  If  immediate  coverage 
with  autograft  is  not  possible,  homograft  or  xeno¬ 
graft  may  be  necessary  [8].  Additionally,  for 
extremity  burns  specifically,  escharotomies  or 
even  fasciotomies  may  be  necessary  to  ensure 
proper  perfusion  distally  as  in  the  case  of  this 
patient  [1].  Additionally,  if  patients  have  large 
areas  of  chest  or  abdominal  burns  and  a  large 
resuscitation  is  expected,  early  escharotomies 
may  mitigate  difficulty  ventilating  and  abdomi¬ 
nal  compartment  syndrome  respectively. 

Fluid  Management 

Aggressive  fluid  resuscitation  must  be  initiated 
immediately.  For  patients  with  greater  than  20% 
TBS  A  burns,  the  Parkland  formula  is  most  com¬ 
monly  used  to  control  fluid  administration. 
According  to  this  formula,  the  first  24  h  post-injury 
are  the  most  critical  in  preventing  burn-induced 
shock.  On  presentation,  fluid  titration  using 
Lactated  Ringer’s  solution  is  performed  according 
to  TBS  A  and  weight  of  the  patient  in  kilograms  [1]. 


Parkland  Formula 

4  x  %TBS  A  x  weight  (kg)  =  total  IV  fluid  to  be  administered  over  first  24  h 

First  half  of  IV  fluid  total  administered  8  h  post  -  injury  +  second  half  administered 

during  next  1 6  h  post  -  injury 
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Supportive  Care 

1 .  Pneumonia  is  the  most  common  cause  of  death 
in  patients  after  thermal  injury  [1].  Thus,  all 
intubated  patients  must  receive  prophylaxis 
with  antiseptic  oral  rinses  and  regular  sponta¬ 
neous  breathing  trials.  Broad-spectrum,  prop¬ 
erly  dosed  intravenous  antibiotics  must  be 
initiated  as  soon  as  infection  is  suspected  [9] . 

2.  Significant  metabolic  demands  are  placed  on 
the  body  during  the  process  of  wound  healing. 
Thus,  early  use  of  enteral  feeding  with  a  high 
protein  diet  if  possible  is  important  [10]. 

3.  Patients  with  burns  are  predisposed  to  develop¬ 
ing  joint  contractures,  especially  at  the  elbows 
and  axillary  regions.  Use  of  regular  physical 
therapy  and  splinting  is  important  to  minimize 
the  risk  for  severe  joint  contractures. 

4.  Given  the  prolonged  immobility  of  patients 
with  burn  injury,  pharmacologic  deep  venous 
thrombosis  prophylaxis  is  required. 

Evidence  Contour 

Several  aspects  of  management  in  the  patient 
with  thermal  injury  remain  without  consensus  in 
the  face  of  available  clinical  trials. 

Fluid  Resuscitation  Monitoring 

Aggressive  fluid  resuscitation  during  the  first 
24-48  h  post-injury  improves  outcomes  in 
patients  with  burns.  However,  over-resuscitation 
can  result  in  significant  complications  including 
abdominal  compartment  syndrome  and  respira¬ 
tory  failure  due  to  pulmonary  edema.  Although 
numerous  formulas  exist  to  quantify  the  amount 
of  fluid  that  should  be  administered,  controversy 
exists  as  to  how  to  adequately  assess  the  overall 
fluid  status  of  patients  with  thermal  injuries. 
While  some  believe  that  a  urine  output  of 
0.5-1  mL/kg/h  is  adequate,  others  believe  that 
the  use  of  non-invasive  hemodynamic  indicators 
such  as  cardiac  index,  mean  arterial  pressure, 
central  venous  pressure,  and  lactate  levels  is 
more  reliable.  No  consensus  exists  currently  [11]. 


Scar  Management 

Although  it  is  known  that  skin  grafting  performed 
within  3  weeks  of  the  initial  injury  minimizes  the 
risk  for  hypertrophic  scarring  and  contracture,  it 
remains  unclear  what  the  best  method  of  chronic 
scar  management  is.  Various  modalities  includ¬ 
ing  silicone  sheeting,  steroid  injections,  scar 
massage,  fat  grafting,  and  laser  treatments  have 
been  used  in  the  past,  but  no  consensus  exists  as 
to  treatment  duration,  timing  of  initiation,  and 
individualized  indications  for  use  [12-15].  More 
recently,  fractionated  C02  lasers  have  been 
shown  to  improve  both  aesthetic  and  functional 
outcomes  in  patients  with  hypertrophic  scars 
after  burn  injury  [16]. 

Conclusion 

More  than  six  million  injuries  and  400,000 
deaths  occur  each  year  as  a  result  of  thermal 
trauma,  and  the  mean  cost  per  patient  is 
approximately  $88,218  [17-19].  Given  the 
extent  of  these  injuries,  standardized  protocols 
are  required  to  provide  uniform  and  system¬ 
atic  care.  With  prompt  initiation  of  treatment 
protocols  focused  on  aggressive  resuscitation 
and  recognition  of  common  complications,  it 
is  possible  to  improve  survival  outcomes  and 
minimize  complications  in  this  group  of 
patients. 
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Case  Presentation 

A  30-year-old  man  sustained  multiple  gunshot 
wounds  to  the  lower  extremities  and  perineum 
following  an  altercation.  On  initial  primary  sur¬ 
vey,  he  was  found  to  have  a  loss  of  pulses  in  the 
left  lower  extremity  with  associated  unstable 
femur  fracture.  Moderate  bleeding  occurred  from 
the  leg  wound  initially,  but  was  not  pulsatile. 
Representative  images  from  the  trauma  com¬ 
puted  tomography  (CT)  are  shown  below 
(Figs.  84.1,  84.2,  84.3,  and  84.4). 

Question  What  is  the  diagnosis  and  what  is  the 
next  step  in  management? 

Answer  Acute  limb  ischemia  secondary  to  high 
velocity  penetrating  trauma.  Consider  the  merits 
of  immediate  bone  fixation  versus  a  revascular¬ 
ization  first  approach.  Consultation  to  Vascular 
Surgery  and  Orthopedic  Surgery  at  an  early  junc¬ 
ture  may  facilitate  an  optimal  multidisciplinary 
approach  in  order  appropriately  sequence  reper¬ 
fusion  and  musculoskeletal  fixation. 

The  CTA  demonstrated  a  left  SFA  injury  with 
segmental  thrombosis  but  no  active  extravasation. 
Vascular  Surgery  and  Orthopedic  Surgery  were 
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consulted.  In  the  operating  room,  the  patient  was 
hemodynamically  stable.  The  ischemic  time  at 
operation  was  approximately  4.5  h.  A  decision 
was  made  to  locally  explore  the  wound,  obtain 
proximal  and  distal  vascular  control,  and  then 
place  an  intraoperative  vascular  shunt  while  the 
orthopedic  surgeons  performed  an  external  fixa¬ 
tion  of  the  femur  (Fig.  84.5).  After  completion  of 
the  femur  fixation,  saphenous  vein  from  the  con¬ 
tralateral  leg  was  harvested  and  reversed.  An 
interposition  reversed  great  saphenous  vein 
reconstruction  was  then  performed  for  definitive 
vascular  reconstruction.  Four  compartment  fasci- 
otomies  were  next  performed  to  limit  potential 
for  compartment  syndrome  given  the  ischemic 
time.  The  patient  was  subsequently  admitted  to 
the  intensive  care  unit  with  hourly  neurovascular 
checks  ensuring  that  Doppler  signals  were  pres¬ 
ent.  The  patient  recovered  and  arterial  brachial 
index  (ABI)  obtained  prior  to  discharge  was  1.09 
on  the  right  and  1.08  on  the  left. 

Principles  of  Management 
Initial  Evaluation 

When  there  are  hard  signs  of  vascular  injury 
including  active  hemorrhage,  rapidly  expand¬ 
ing  hematoma,  absent  pulses  or  a  palpable 
thrill/bruit,  immediate  operative  exploration  is 
warranted.  Patients  who  present  without  these 
signs,  however,  should  undergo  complete 
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Fig.  84.1  Axial  CT  with 
arterial  phase  imaging 
demonstrates  an  intact  left 
superficial  femoral  artery 
(SFA)  without  evidence  of 
filling  abnormality 


Fig.  84.2  Axial  CT 
demonstrates  occlusion  of 
the  left  SFA  in  the  more 
distal  extremity.  Note  the 
normal,  patent  right  SFA 


physical  exam  with  special  attention  to  the  vascu¬ 
lar  exam.  Physical  exam  in  conjunction  with  arte¬ 
rial  pressure  index  measurement  by  Doppler  has 
high  sensitivity  for  injury  [1,  2].  As  such,  patients 
with  lower  extremity  trauma  should  also  undergo 
arterial  pressure  indices  in  which  the  Doppler 
pressure  for  the  affected  extremity  distal  to  the 
presumed  injury  site  is  indexed  to  the  higher 
of  the  two  upper  extremity  arterial  Doppler 
pressures.  In  the  setting  of  a  normal  physical 
exam  and  pressure  index  >0.9,  patients  may  be 


observed  and/or  discharged  home  safely  with 
follow  up  [3].  Those  patients  who  have  either  an 
abnormal  physical  exam  and/or  ankle-brachial 
index  (ABI)  <0.9  should  have  further  imaging. 

Diagnostic  Imaging 

CT  angiography  (CTA)  has  mostly  replaced  cath¬ 
eter  angiography  for  the  primary  modality  of 
diagnostic  imaging  in  lower  extremity  trauma. 
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Fig.  84.3  Axial  CT  from 
the  mid-distal  thigh 
demonstrates  an  intact  left 
SFA  just  caudal  to  the 
occluded  segment  without 
evidence  of  filling  defect 


Fig.  84.5  This  example  of  in-line  arterial  shunting  using 
a  12  French  carotid  bypass  shunt  (Bard®)  demonstrates 
tension  on  silastic  loops  for  proximal  and  distal  fixation  of 
the  shunt.  This  restores  arterial  inflow  to  the  ischemia 
extremity  immediately,  and  definitive  vascular  reconstruc¬ 
tion  can  be  performed  after  bony  stabilization.  The  bal¬ 
listic  cavity  is  easily  seen 


Many  recent  studies  have  found  the  sensitivity 
and  specificity  of  CTA  approach  100%  [4,  5]. 
Catheter  angiography  is  still  considered  as  an 
additional  technique  when  the  CTA  is  not  diag¬ 
nostic,  when  an  overabundance  of  metal  hard¬ 
ware  renders  image  quality  inferior  due  to  scatter 
artifact,  or  when  endovascular  intervention  is 
considered  highly  likely  following  the  diagnostic 
portion  of  the  procedure. 


Intervention  and  Post-operative 
Management 


Fig.  84.4  Ballistic  fracture  of  left  femur  with  pelvic  and 
knee  foreign  bodies 


Intervention  includes  open  exploration  of  the 
wound  after  obtaining  proximal  and  distal  con- 
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trol.  Temporary  balloon  occlusion  for  proximal 
control  using  endovascular  techniques  is  more 
commonly  employed  in  contemporary  practice, 
especially  for  injuries  approaching  the  junctional 
region  (groin).  It  is  important  to  prep  both 
extremities  in  the  operating  room  for  potential 
vein  harvest  from  the  unaffected  limb. 

Management  of  displaced  orthopedic  injuries 
should  take  into  account  the  complexity  of  the 
reduction/fixation  procedure  and  duration  of  isch¬ 
emia  to  the  limb.  If  ischemic  time  is  limited,  ortho¬ 
pedic  injuries  should  be  addressed  prior  to 
definitive  repair.  If  ischemic  time  is  prolonged, 
however,  vascular  shunting  can  be  used  as  an 
adjunct  while  the  orthopedic  repair  occurs  in  order 
to  quickly  restore  blood  flow  to  the  extremity. 

Thorough  irrigation  should  be  employed  if 
there  is  a  large  wound  with  contamination,  and 
autologous  conduit  such  as  greater  saphenous 
vein  from  the  opposite,  unaffected  extremity 
should  be  considered  as  a  preferred  choice  when 
suitable.  If  the  patient  has  inadequate  vein  for 
conduit,  prosthetic  graft  with  muscular  coverage 
or  a  tunnel  avoiding  the  contaminated  wound  bed 
may  be  considered. 

Fasciotomies  should  be  considered  if  there  is 
extensive  trauma  to  the  leg  or  if  there  has  been 
prolonged  ischemia  time  (i.e.  >  4-6  h).  If  the 
decision  is  made  not  to  perform  fasciotomies  it  is 
important  to  have  the  patient  in  an  ICU  where 
hourly  neurovascular  checks  and  monitoring  for 
a  tense  compartment  may  occur.  The  patient 
should  undergo  ankle-brachial  index  measure¬ 
ments  prior  to  discharge  and  at  follow-up. 

Evidence  Contour 

Controversial  Aspects 
of  Management/lmaging 

The  modem  era  of  vascular  trauma  has  changed 
most  significantly  when  it  comes  to  diagnostic 
imaging  modalities.  As  mentioned  earlier,  the  gold 
standard  for  diagnostic  imaging  in  lower  extremity 
trauma  has  historically  included  catheter  angiogra¬ 
phy.  This  paradigm  is  now  changing,  with 
improvements  in  CTA  technology  and  software 
advancements  making  3 -dimensional  reconstruc¬ 


tions  highly  informative  and  diagnostic.  In  a  recent 
study  including  484  arterial  injuries,  CTA  was 
used  in  39.6%  of  the  vascular  trauma,  whereas 
catheter  angiography  and  open  exploration 
occurred  with  frequencies  of  11.4%  and  29.7%, 
respectively  [6].  Finally,  a  review  of  9  studies  rep¬ 
resenting  540  patients  undergoing  CTA  to  diag¬ 
nose  extremity  arterial  injuries  had  only  seven 
missed  injuries,  resulting  in  a  1.3  %  false  negative 
rate  [7].  The  follow  up  in  the  majority  of  these 
studies  was  limited.  However,  the  new  manage¬ 
ment  guidelines  for  lower  extremity  trauma  from 
the  Eastern  Association  for  the  Surgery  of  Trauma 
recommend  that  CTA  should  be  the  primary  diag¬ 
nostic  imaging  modality  for  vascular  trauma  [3]. 

Endovascular  Treatment  Approach 
to  Lower  Extremity  Vascular  Trauma 

Although  open  surgical  intervention  remains  the 
gold  standard  approach  for  lower  extremity  vas¬ 
cular  trauma,  the  era  of  endovascular  surgical 
interventions  has  caused  many  to  consider  utiliz¬ 
ing  these  techniques  when  appropriate  in  this 
trauma  subset.  Literature  on  the  topic  is  limited, 
but  continues  to  grow,  and  encompasses  success¬ 
ful  endovascular  approaches  to  blunt  and  pene¬ 
trating  iliac  artery,  superficial  femoral  artery 
(SFA),  popliteal  artery  and  tibial  arterial  trauma 
[8-12].  Nearly  all  high  level  trauma  hospitals  in 
the  United  States  include  an  endovascular  suite 
or  hybrid  open/endovascular  operating  room  in 
some  form,  making  consideration  of  emergency 
endovascular  interventions  for  trauma  a  possibil¬ 
ity.  At  a  minimum,  high-quality  C-arm  technol¬ 
ogy  with  a  vascular  software  package  is  available 
for  use  with  a  standard  trauma  operating  room 
bed  in  which  the  pedestal  has  been  configured  to 
allow  imaging  of  the  lower  extremities. 

Patient  selection  for  endovascular  treatment  of 
lower  extremity  trauma  is  imperative.  Complex 
endovascular  procedures  may  be  time  consuming 
and  require  systemic  heparinization  in  the  major¬ 
ity  of  cases  except  in  cases  of  coil  embolization 
for  hemorrhage  control.  With  this  in  mind,  the 
trauma  surgeon  is  best  suited  for  decision  making 
regarding  risks  related  to  anticoagulation.  If 
patients  have  contraindications  for  heparinization 
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such  as  concomitant  traumatic  brain  injury,  endo¬ 
vascular  techniques  requiring  this  adjunct  should 
be  removed  from  the  patient’s  treatment  algo¬ 
rithm.  Specialized  endovascular  procedures 
should  also  not  increase  the  treatment  times  as 
prompt  restoration  of  arterial  inflow  is  the  goal. 

A  readily  available  endovascular  inventory  for 
trauma  and  appropriately  trained  staff  are  also 
prerequisite  for  considering  the  utilization  of 
these  techniques.  The  inventory  should  include 
sheath  sizes  ranging  between  5  and  1 1  French  of 
varying  lengths  (10  cm  standard  length,  45-65  cm 
for  distal  lower  extremity  interventions  using 
contralateral  femoral  approach),  standard  and 
exchange  length  wires  (140-180  cm-long;  260- 
300  cm-long)  of  various  types  (hydrophilic, 
braided  low  stiffness,  braided  mid-high  stiffness 
support  wires),  and  appropriate  therapeutic 
devises  (percutaneous  angioplasty  balloons, 
stents,  covered  stents,  embolization  coils  or 
plugs).  Endovascular  management  of  lower 
extremity  vascular  injury  will  be  limited  unless 
institutional  mechanisms  allow  this  degree  of 
infrastructure  to  be  present  and  available  for  use 
for  the  injured  trauma  patient. 
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Management  of  Necrotizing  Soft 
Tissue  Infection 


Heather  Leigh  Evans  and  Eileen  M.  Bulger 


Case  Presentation 

A  50  year-old  woman  with  history  of  congestive 
heart  failure  presented  to  the  emergency  room  of 
her  local  community  hospital  complaining  of 
progressive  right  elbow  pain  and  swelling  that 
developed  after  a  minor  fall  at  home  4  days  prior. 
Her  husband  reported  that  she  had  profuse  watery 
diarrhea  1  week  prior,  while  continuing  to  take 
her  home  medications,  which  included  Lasix. 
Since  the  fall,  she  had  remained  in  bed  with  gen¬ 
eralized  weakness  and  poor  PO  intake.  In  the  ED, 
her  initial  systolic  blood  pressure  is  70  mmHg 
and  the  right  forearm  is  noted  to  be  swollen  and 
tense,  erythematous,  warm  and  exquisitely  pain¬ 
ful  to  passive  range  of  motion.  Induration  extends 
to  the  proximal  posterior  upper  arm.  WBC  is  21, 
lactic  acid  10.8,  creatinine  11,  sodium  119.  She 
rapidly  receives  ceftriaxone  and  clindamycin, 
3  L  of  crystalloid  resuscitation  and  norepineph¬ 
rine  and  vasopressin  infusions  are  started. 

The  orthopedic  surgeon  on  call  takes  her 
urgently  to  the  operating  room  to  treat  what  is 
strongly  suspected  to  be  a  necrotizing  soft  tissue 
infection.  The  forearm  skin  is  incised  and  the 
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superficial  volar  compartment  fascia  released,  the 
muscles  are  noted  to  be  generally  viable.  No 
debridement  is  performed.  A  wound  vacuum 
dressing  is  placed  and  she  is  transported  to  the 
ICU.  Overnight,  norepinephrine  is  discontinued, 
but  her  WBC  increases  to  36  and  oliguria  devel¬ 
ops.  She  is  transferred  emergently  to  a  tertiary 
care  center,  arriving  in  the  emergency  department 
intubated  and  sedated  on  mechanical  ventilation, 
systolic  blood  pressure  in  the  80’ s  despite  ongo¬ 
ing  treatment  with  vasopressin  and  sodium  bicar¬ 
bonate  infusion  for  progressive  metabolic 
acidosis  (pH  7.09).  Her  sodium  level  is  131.  The 
Gram  stain  from  blood  cultures  obtained  at  the 
prior  facility  shows  Gram  positive  cocci  in 
chains. 

Question  What  is  the  approach  that  should  be 
applied  to  guide  the  management  of  this  patient? 

Answer  Surgical  source  control 

Norepinephrine  is  restarted,  3  L  of  lactated 
ringers  fluid  are  administered  immediately  and 
additional  antibiotics  (vancomycin)  are  adminis¬ 
tered  while  the  general  surgeon  on  call  evaluates 
the  patient  and  arranges  for  emergent  re¬ 
exploration.  She  is  taken  to  the  operating  room 
where  the  wound  vac  dressing  is  removed.  The 
wound  is  thoroughly  evaluated,  the  incisions 
extended  both  proximally  and  distally  to  facili¬ 
tate  examination  of  the  entire  length  of  the  fore¬ 
arm  to  the  hand  and  the  superficial  and  deep  volar 
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compartments  to  the  forearm  are  found  to  be  non- 
viable  (Fig.  85.1). 

The  general  surgeon  calls  an  emergent  intra¬ 
operative  consult  to  the  on-call  hand  surgeon. 
Together,  the  two  identify  necrotic  soft  tissue 
throughout  the  forearm,  with  gray  dishwasher 
fluid  exuding  from  the  soft  tissues.  There  is  dead 
muscle  in  both  the  volar  and  dorsal  compart¬ 
ments  and  a  transition  zone  of  viability  just  prox¬ 
imal  to  the  elbow;  the  biceps,  triceps,  and 
brachialis  appear  normal.  The  two  surgeons  agree 
that  the  forearm  cannot  be  salvaged.  Given  the 
degree  of  swelling  that  extends  through  the  elbow 
joint,  a  mid-humeral  amputation  is  performed  in 
order  to  gain  proximal  control  and  arrest  the  pro¬ 
gressive  infection.  After  achieving  hemostasis, 
the  wound  is  not  closed,  but  is  covered  with  a 
gauze  dressing  soaked  in  Dakin’s  solution.  The 
patient  is  transported  still  intubated  and  mechani¬ 
cally  ventilated  to  the  critical  care  unit,  with 
blood  pressure  still  supported  by  norepinephrine 
and  vasopressin.  Post-operatively,  her  WBC 
remains  in  the  30 ’s  and  her  oliguria  continues. 
The  final  cultures  are  reported  as  Group  A  beta- 
hemolytic  Streptococcus.  Given  her  ongoing 
shock  and  leukocytosis,  the  patient  is  taken  back 
to  the  operating  room  the  following  day  where 
additional  sharp  debridement  of  the  mid-humeral 
amputation  site  is  performed. 

The  patient  is  extubated  the  following  day 
and  vasopressin  is  discontinued.  Antibiotics  are 


Fig.  85.1  Necrotic  muscle  visible  in  superficial  and  deep 
volar  compartments  to  distal  forearm  (rightmost  aspect  of 
photo).  Transition  of  viability  is  noted  just  below  the 
elbow  joint 


narrowed  to  ceftriaxone.  Over  the  next  week,  her 
WBC  normalizes,  she  is  weaned  off  norepineph¬ 
rine,  and  her  acute  kidney  injury  resolves.  On 
hospital  day  8,  the  amputation  site  is  revised 
with  a  formal  myodesis  and  skin  closure.  She  is 
discharged  home  on  hospital  day  10.  Eight 
months  later,  the  patient  was  fitted  for  a  pros¬ 
thetic  arm. 

Principles  of  Management 
Rapid  Diagnosis 

While  necrotizing  soft  tissue  infections  (NSTI) 
are  very  rare  (estimated  1000  cases  annually  in 
the  United  States),  because  of  the  potential  for 
rapid  escalation  to  overwhelming  septic  shock 
with  multisystem  organ  failure,  early  recogni¬ 
tion  of  the  possibility  of  necrotizing  soft  tissue 
infection  is  imperative.  Even  with  optimal  treat¬ 
ment,  mortality  ranges  as  high  as  25-35%. 
Unfortunately,  the  early  signs  and  symptoms  of 
NSTI  can  be  identical  to  those  seen  with  celluli¬ 
tis  or  localized  abscess.  Generally,  erythema, 
pain  beyond  the  obvious  margin  of  infection, 
swelling  and  fever  are  most  common.  More  sug¬ 
gestive  of  NSTI  are  skin  induration  and  pain  dis¬ 
proportionate  to  examination  findings.  The  most 
obvious  “hard”  clinical  signs  of  skin  bullae, 
ecchymosis  and  necrosis,  cutaneous  anesthesia, 
and  gas  on  clinical  or  radiographic  examination 
do  not  appear  until  much  later  in  the  course  of 
the  disease.  NSTI  can  affect  any  region  of  the 
body,  but  the  extremities  and  genito-perineal 
areas  are  most  common.  Inoculation  of  bacteria 
through  the  skin  barrier  is  typically  due  to  his¬ 
tory  of  trauma,  injection,  insect  bites  or  surgery, 
but  may  also  occur  via  systemic  dissemination 
from  recent  oropharyngeal  or  gastrointestinal 
infection. 

After  suspicion  is  established  with  history  and 
physical  exam  features,  laboratory  data  confirms 
metabolic  derangement,  generally  with 
leukocytosis  and  other  signs  of  acute  inflamma¬ 
tion  (e.g.,  elevated  CRP).  Evidence  of  organ  fail¬ 
ure  may  be  present  on  presentation  as  well,  and 
the  more  deranged  the  laboratory  values,  the 
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higher  the  likelihood  of  a  bad  outcome. 
Radiography  is  seldom  helpful  in  making  the 
diagnosis,  but  computed  tomography  may  help  to 
define  the  extent  of  the  disease  on  presentation.  It 
should  be  recognized,  however,  that  in  the  setting 
of  high  clinical  suspicion,  the  gold  standard  for 
diagnosis  of  NSTI  remains  operative  exploration 
without  delay.  In  questionable  cases,  a  skin  inci¬ 
sion  carried  down  to  the  fascia  allows  evaluation 
of  adherence  of  the  fascia  to  other  soft  tissue  lay¬ 
ers.  In  classic  necrotizing  fasciitis,  the  diseased 
fascia  is  no  longer  adherent  to  the  adjoining  lay¬ 
ers,  allowing  the  surgeon  to  easily  slide  his  or  her 
finger  along  the  fascial  plane.  Necrotizing  adipo- 
sitis  or  deep  necrotizing  myositis  may  also  be 
diagnosed  with  local  exploration  for  necrotic 
tissue. 

Empiric  Broad  Spectrum  Antibiotic 
Therapy  and  Resuscitation 

Even  prior  to  definitive  diagnosis,  patients  with 
suspected  NSTI  should  receive  treatment  appro¬ 
priate  for  sepsis  or  septic  shock,  including 
empiric  administration  of  broad  spectrum  antibi¬ 
otics  and  fluid  resuscitation.  As  definitive  micro¬ 
biology  is  not  available  until  after  blood  and 
intra-operative  tissue  cultures  are  obtained, 
empiric  antibiotics  should  cover  Gram  positive, 
Gram  negative  and  anaerobic  organisms.  While 
the  site  and  etiology  of  infection  heavily  influ¬ 
ences  the  causative  organism,  with  perineal 
infections  tending  to  be  polymicrobial  NSTIs, 
antibiotics  should  cover  both  Type  1  polymicro¬ 
bial  infections  (including  Clostridia  spp.)  as  well 
as  Type  2  Group  A  Beta-hemolytic  Streptococcus 
(GAS)  infections.  Type  3  infections,  caused  by 
marine  organisms  such  as  Vibrio  spp.,  are  more 
typically  seen  in  warm- water  coastal  regions,  or 
associated  with  the  ingestion  of  shellfish.  Empiric 
coverage  against  MRSA  should  be  included  for 
patients  with  history  of  colonization  or  recent 
healthcare  exposure.  Antibiotics  may  be  tailored 
to  final  culture  results,  and  generally,  antibiotics 
are  continued  until  operative  debridement  has 
been  completed  and  the  patient’s  immune 
response  begins  to  resolve. 


Surgical  Source  Control 

The  cornerstone  of  treatment  for  NSTI  is  early 
and  wide  surgical  debridement  of  affected  tissue, 
in  order  to  obtain  source  control  and  arrest  pro¬ 
gression  of  disease.  Delay  from  presentation  to 
initial  surgical  debridement  is  associated  with 
increased  number  of  subsequent  debridements 
and  a  higher  incidence  of  septic  shock  and  acute 
renal  failure  [1-5].  With  a  24-h  delay  from  pre¬ 
sentation,  there  is  an  estimated  ninefold  increase 
in  mortality  [6].  As  NSTI  can  continue  and 
advance  despite  apparent  initial  adequate 
debridement,  mandatory  return  to  the  operating 
room  within  12-24  h  is  advisable  in  the  most 
critically  ill  patients.  Worsening  of  disease  as 
measured  by  increased  leukocytosis  or  progres¬ 
sive  organ  failure,  or  local  spread  of  erythema 
and/or  induration  from  the  debridement  site, 
should  also  prompt  additional  debridements  until 
clinical  improvement  is  established. 

Evidence  Contour 

NSTI  treatment  is  not  without  controversy.  The 
preponderance  of  evidence  available  is  from  ret¬ 
rospective  observational  studies,  and  because  of 
the  relative  rarity  of  this  disease  and  its  high  mor¬ 
tality,  randomized  controlled  trials  of  novel  inter¬ 
ventions  are  also  challenging  and  rare. 

Predicting  NSTI  Diagnosis 
and  Outcome 

Multiple  scoring  systems  have  been  developed  to 
facilitate  diagnosis,  but  even  the  most  widely 
used  score,  the  laboratory  risk  indicator  for  nec¬ 
rotizing  fasciitis  (LRINEC)  which  uses  level  of 
C-reactive  protein,  white  blood  count,  hemoglo¬ 
bin  level,  serum  sodium  level,  serum  creatinine 
level,  and  serum  glucose  level  at  admission,  has 
never  been  validated  prospectively  [7].  While 
hyponatremia  and  extremes  of  WBC  are  also 
helpful  in  indicating  severity  of  systematic 
derangement,  and  may  portend  poor  outcome, 
these  laboratory  features  are  non-specific. 
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Magnetic  resonance  imaging  has  similarly  been 
shown  to  be  fairly  sensitive,  but  lacks  specificity 
as  the  tissue  enhancement  on  T2-weighted  imag¬ 
ing  is  frequently  seen  after  trauma  and  other  non- 
infectious  inflammatory  processes  [8].  Finally, 
ultrasonography  can  be  used  to  detect  superficial 
abscesses  but  lacks  sensitivity  or  specificity  for 
NSTIs  [9]. 

Early  Amputation 

The  decision  to  perform  an  emergent  extremity 
amputation  is  difficult,  but  when  life-threatening 
infection  is  present,  limb  sacrifice  may  be  war¬ 
ranted.  For  example,  a  5 -year  review  at  our  insti¬ 
tution  revealed  that  clostridial  infection  was  an 
independent  predictor  for  both  limb  loss  and 
mortality  [10].  The  functional  outcomes  of  early 
amputation  and  complex  limb  salvage  have  been 
demonstrated  to  be  equivalent  at  7  year  follow  up 
in  a  meta- analysis  [11]. 

Adjunctive  Therapies 

Immunomodulatory  Therapy 

In  infections  caused  by  staphylococcal  and  strep¬ 
tococcal  spp.,  exotoxins  may  engage  the  body  in 
a  especially  robust  immune  response.  Through 
activation  of  T  cells,  a  polyclonal  expansion  and 
release  of  proinflammatory  cytokines  ensures 
that  can  lead  to  the  combination  of  septic  shock 
and  multiple  organ  failure  known  as  “toxic  shock 
syndrome.”  While  intravenous  immunoglobulin 
has  been  used  to  neutralize  antibodies  against 
streptococcal  superantigens,  IVIG  preparations 
vary,  and  success  of  its  administration  relies  upon 
adequate  antibodies  from  pooled  human  serum 
[12].  Two  studies  suggested  a  potential  reduction 
in  mortality,  but  these  studies  were  limited  by 
sample  size  and  lack  of  randomization  [13,  14]. 
A  novel  drug  that  selectively  inhibits  the  direct 
binding  of  superantigen  exotoxins  to  the  CD28 
costimulatory  receptor  on  T-helper  1  lymphocytes 
was  evaluated  in  a  phase  2  randomized  placebo 
controlled  trial.  This  study  established  the  drug’s 
safety  and  pharmacokinetics  in  a  population  of 


patients  with  NSTI,  and  demonstrated  promis¬ 
ing  results  in  decreasing  the  incidence  of  organ 
failure  [15].  While  not  yet  available  for  clinical 
use,  the  development  of  this  therapy  signals  a 
new  hope  for  targeting  this  mechanism  of  disease 
progression,  and  mitigation  of  the  morbidity  of 
NSTI. 

Hyperbaric  Oxygen 

Hyperbaric  oxygen  (HBO)  therapy  is  performed 
in  a  high-pressure  chamber,  resulting  in  delivery 
of  oxygen  at  two  to  three  times  typical  atmo¬ 
spheric  pressure.  This  leads  to  substantially 
increased  tissue  oxygen  tension  as  high  as 
300  mmHg,  which  based  on  animal  and  human 
studies,  is  thought  to  reduce  tissue  edema,  stimu¬ 
late  fibroblast  growth,  increase  the  killing  ability 
of  leukocytes  by  augmenting  the  oxidative  burst, 
have  independent  cytotoxic  effects  on  some 
anaerobes,  inhibit  bacterial  toxin  elaboration  and 
release,  and  enhance  antibiotic  efficacy.  Multiple 
studies  have  examined  the  use  of  HBO  in  the 
treatment  of  NSTIs  with  mixed  results.  Early 
single-institution  and  small  retrospective  studies 
suggested  a  mortality  benefit  for  patients  with 
NSTI  who  were  treated  with  HBO  [16,  17]. 
Recent  studies  with  larger  sample  sizes  have 
failed  to  show  a  beneficial  effect  on  mortality 
[18-20].  Due  to  lack  of  clear  benefit,  and  to  sig¬ 
nificant  limitations  on  care  delivery  possible  in 
hyperbaric  chambers,  HBO  therapy  should  be 
limited  to  hemodynamically  stable  patients  in 
whom  HBO  therapy  will  not  delay  surgical 
debridement. 
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Case  Presentation 

A  44  year-old  morbidly  obese  male  (470  lbs, 
BMI  55)  with  a  history  of  type  II  diabetes  melli- 
tus  developed  fever  (102.5  °C)  and  “shaking 
chills”  5  days  earlier,  followed  24  h  later  by  nau¬ 
sea  and  vomiting.  At  that  time,  he  presented  to  an 
urgent  care  center  and  was  felt  to  have  influenza 
and  was  discharged  with  a  prescription  for 
Tamiflu.  His  symptoms  persisted,  and  2  days 
prior  to  admission  he  developed  right  upper 
quadrant  (RUQ)  abdominal  pain  and  worsening 
malaise.  He  was  evaluated  at  an  outlying  emer¬ 
gency  room,  where  he  was  noted  to  have  jaundice 
with  a  temperature  of  39.2  °  C,  P  120  bpm,  BP 
96/60  mmHg,  and  marked  RUQ  tenderness.  A 
RUQ  ultrasound  revealed  numerous  gallstones,  a 
thickened  gallbladder  wall  with  pericholecystic 
fluid,  and  a  common  bile  duct  (CBD)  measuring 
8  mm.  Pertinent  labs  included  a  white  blood  cell 
(WBC)  count  of  21,000/mm3  with  20%  bands, 
creatinine  mg/dL  of  3.1,  glucose  389  mg/dL, 
total  bilirubin  5.4  mg/dL  (direct  4.0),  alkaline 
phosphatase  (ALP)  227,  aspartate  aminotransfer- 
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ase  (AST)  140,  and  alanine  aminotransferase 
(ALT)  258.  Appropriate  initial  care  was  instituted 
at  the  outlying  hospital,  and  he  was  transferred  to 
an  intensive  care  unit  (ICU)  at  a  tertiary  hospital 
for  further  management. 

Question  What  is  the  diagnosis  and  how  should 
this  patient  be  managed? 

Answer  Acute  cholecystitis,  possible  ascending 
cholangitis 

The  patient  was  admitted  to  the  surgical  ICU 
and  was  given  2  1  of  normal  saline  while  central 
venous  and  arterial  catheters  were  inserted.  Blood 
cultures  were  obtained  and  the  patient  was  started 
on  piperacillin/tazobactam  as  empiric  antibiotic 
coverage  and  norepinephrine  to  target  a  mean  arte¬ 
rial  pressure  (MAP)  of  65  mmHg,  as  well  as  an 
insulin  infusion  for  treatment  of  hyperglycemia. 
Shortly  thereafter,  he  required  intubation  for  wors¬ 
ening  mental  status  and  progressive  pulmonary 
failure.  Both  the  surgery  and  gastroenterology  ser¬ 
vices  were  consulted,  and  the  patient  was  taken 
urgently  to  the  operating  room  where  an  endo¬ 
scopic  retrograde  cholangiopancreatography 
(ERCP)  was  performed  initially.  This  revealed  a 
non-dilated  biliary  tree  with  contrast  filling  the 
cystic  duct  (but  not  the  gallbladder)  and  without 
filling  defects  (Fig.  86.1).  There  was  a  small 
amount  of  sludge  present  but  no  pus.  The  biliary 
tree  was  swept,  a  sphincterotomy  was  performed, 
and  a  stent  was  placed.  The  patient  then  underwent 
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Fig.  86.1  Cholangiogram  obtained  during  ERCP.  Note 
the  non-dilated  biliary  tree,  absence  of  filling  defects,  and 
the  patent  cystic  duct  (arrow)  but  lack  of  gallbladder 
filling 

laparoscopy,  which  revealed  gallbladder  necrosis. 
Laparoscopic  cholecystectomy  was  attempted  but 
was  difficult  given  the  patients  large,  fatty  liver 
and  bleeding.  The  procedure  was  converted  to  an 
open  operation  where  a  subtotal  cholecystectomy 
was  performed  with  placement  of  2  closed-suction 
drains.  Bile  cultures  were  obtained.  His  immediate 
postoperative  course  was  notable  for  worsening 
septic  shock  requiring  the  addition  of  vasopressin, 
renal  failure  necessitating  continuous  renal 
replacement  therapy,  and  hyperglycemia.  Blood 
and  bile  cultures  grew  Escherichia  coli  which 
were  intermediately  sensitive  to  piperacillin/tazo- 
bactam,  and  his  antibiotics  were  changed  to 
cefepime  and  metronidazole  for  a  planned  14-day 
course.  After  4  days,  the  patient  weaned  from  all 
vasopressors  and  was  able  to  tolerate  intermittent 
hemodialysis.  He  was  extubated  uneventfully  on 
postoperative  day  #8  but  continued  to  require  noc¬ 
turnal  biPAP  upon  discharge  to  a  rehab  facility. 

Principles  of  Management 
Diagnosis 

The  Tokyo  Guidelines,  first  described  in  2007 
and  revised  in  2013,  were  developed  to  provide 


guidance  for  the  management  of  acute  cholecys¬ 
titis  and  cholangitis.  With  respect  to  acute  chole¬ 
cystitis,  the  diagnosis  is  suspected  when  at  least 
one  local  sign  of  inflammation  (Murphy’s  sign, 
RUQ  mass/pain/tenderness)  is  present  with  one 
(or  more)  systemic  signs  of  inflammation  (fever, 
elevated  C-reactive  protein  (CRP),  elevated  WBC 
count)  [1].  The  diagnosis  may  be  confirmed  with 
supportive  diagnostic  imaging.  Using  these  crite¬ 
ria,  the  sensitivity  is  91.2%,  specificity  96.9%, 
positive  predictive  value  96.7  %,  and  negative 
predictive  value  of  91.6%  with  an  overall  accu¬ 
racy  rate  of  94  %  [1]. 

In  the  case  of  acute  cholangitis,  the  diagnosis 
is  suspected  when  one  or  more  systemic  signs  of 
inflammation  (fever  and/or  shaking  chills, 
increased  CRP,  abnormal  WBC  count)  is  present 
with  cholestasis,  as  evidenced  by  jaundice  or 
abnormal  liver  function  tests  (LFT’s)  (ALP, 
gamma-glutamyl  transferase  (gGTP),  AST,  ALT 
>1.5x  upper  limit  of  normal)  [2].  The  diagnosis 
may  be  confirmed  with  imaging  evidence  of  bili¬ 
ary  dilatation  or  demonstration  of  the  etiology 
(stricture,  stone,  etc.).  These  criteria  are  reason¬ 
ably  sensitive  (91.8%)  but  have  moderate  speci¬ 
ficity  (77.7%).  Importantly,  5.9%  of 
pathologically-proven  cases  of  acute  cholecysti¬ 
tis  also  fulfill  these  criteria,  underscoring  the  dif¬ 
ficulty  with  distinguishing  these  two  entities  at 
times  [2]. 

Severity  Assessment 

In  addition  to  standardizing  diagnostic  criteria, 
the  Tokyo  criteria  also  stratify  both  acute  chole¬ 
cystitis  and  cholangitis  into  varying  degrees  of 
severity  with  the  intent  of  guiding  management 
for  each  stage  of  the  disease.  For  acute  cholecys¬ 
titis,  three  grades  ranging  from  mild  (grade  I)  to 
severe  (grade  III)  have  been  described  [1,  3]. 
Grade  III  acute  cholecystitis  is  accompanied  by 
dysfunction  of  either  the  cardiovascular,  neuro¬ 
logical,  respiratory,  renal,  hepatic,  or  hematologi¬ 
cal  systems.  Grade  II  (moderate)  is  acute 
cholecystitis  associated  with  marked  leukocyto¬ 
sis  (> 18,000/mm3),  palpable  tender  RUQ  mass, 
duration  of  symptoms  >72  h,  or  marked  local 
inflammation  (gangrenous  or  emphysematous 
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cholecystitis,  biliary  peritonitis,  or  pericholecys- 
tic/hepatic  abscess),  and  grade  I  (mild)  does  not 
meet  either  of  the  above  criteria.  In  the  case  of 
acute  cholangitis,  three  grades  also  exist  which 
are  similar  to  those  described  for  acute 
cholecystitis  [2,  3].  In  grade  III  (severe),  acute 
cholangitis  is  associated  with  dysfunction  of  at 
least  one  organ/system  as  described  for  cholecys¬ 
titis  above.  For  grade  II  (moderate)  disease,  acute 
cholangitis  is  associated  with  either  high  fever 
(>39  °C),  age  >75,  abnormal  WBC  (>12,000  or 
<4000/mm3),  hyperbilirubinemia  (>5  mg/dL),  or 
hypoalbuminemia  (<0.7x  lower  limit  of  normal). 
Grade  I  (mild)  cholangitis  does  not  meet  criteria 
for  either  grade  II  or  III  disease  (Tables  86.1 
and  86.2). 

Medical  Management 

Medical  management  should  be  initiated  as 
soon  as  the  diagnosis  of  acute  cholecystitis  or 
cholangitis  is  suspected  [3].  This  includes  mak¬ 
ing  the  patient  nil  per  os  (NPO)  and  providing 

Table  86.1  Severity  assessment  for  acute  cholecystitis 
according  to  the  revised  Tokyo  Guidelines 


Grade  III  (severe)  acute  cholecystitis  is  associated 
with  dysfunction  in  any  one  of  the  following: 


1 .  Cardiovascular 

Hypotension  requiring  treatment 
with  dopamine  >5  pg/kg  per 
min,  or  any  dose  of 
norepinephrine 

2.  Neurologic 

Decreased  level  of 
consciousness 

3.  Respiratory 

Pa02/Fi02  ratio  <300 

4.  Renal 

Oliguria,  creatinine  >2.0  mg/dL 

5.  Hepatic 

PT-INR  >1.5 

6.  Hematologic 

Platelet  count  <100,000/mm3 

Grade  II  (moderate)  acute  cholecystitis  is  associated 
with  any  one  of  the  following: 


1.  Elevated  WBC  count  (>18, 000/mm3) 

2.  Palpable  tender  mass  in  the  RUQ 

3.  Duration  of  symptoms  >72  h 

4.  Marked  local  inflammation  (gangrenous  or 
emphysematous  cholecystitis,  pericholecystic  or 
hepatic  abscess,  biliary  peritonitis) 

Grade  I  (mild)  acute  cholecystitis  does  not  meet  the 
criteria  for  grade  II  or  III  disease 

Adapted  from  Yokoe  et  al.  [1] 


Table  86.2  Severity  assessment  for  acute  cholangitis 
according  to  the  revised  Tokyo  Guidelines 


Grade  III  (severe)  acute  cholangitis  is  associated  with 
dysfunction  in  any  one  of  the  following: 


1.  Cardiovascular 

Hypotension  requiring  treatment 
with  dopamine  >5  pg/kg  per 
min,  or  any  dose  of 
norepinephrine 

2.  Neurologic 

Disturbance  of  consciousness 

3.  Respiratory 

Pa02/Pi02  ratio  <300 

4.  Renal 

Oliguria,  creatinine  >2.0  mg/dL 

5.  Hepatic 

PT-INR  >1.5 

6.  Hematologic 

Platelet  count  <  100,000/mm3 

Grade  II  (moderate)  acute  cholangitis  is  associated 
with  any  two  of  the  following: 


1.  Abnormal  WBC  count  (>  12,000/mm3,  <4000/mm3) 

2.  High  fever  (>39  °C) 

3.  Age  >75  years 

4.  Hyperbilirubinemia  (total  bilirubin  >5  mg/dL) 

5.  Hypoalbuminemia  (<0.7  x  lower  limit  of  normal) 

Grade  I  (mild)  acute  cholangitis  does  not  meet  the 
criteria  for  grade  II  or  III  disease 

Adapted  from  Kiriyama  et  al.  [2] 

intravenous  fluids,  antibiotics,  and  analgesics, 
closely  monitoring  the  patient’s  vital  signs  and 
urinary  output,  while  simultaneously  determin¬ 
ing  the  disease  severity.  Antimicrobial  therapy 
should  be  directed  at  the  likely  pathogens,  which 
typically  are  of  enteric  origin  ( Escherichia  coli , 
Klebsiella ,  Enterococcus ,  or  anaerobic  bacteria), 
and  a  sample  of  bile  should  be  sent  for  culture  and 
sensitivity  testing  when  possible  [4].  Selection  of 
the  appropriate  empiric  antibiotic  also  requires 
knowledge  of  disease  severity,  nosocomial  or 
community-acquired  nature  of  the  infection,  and 
patient  factors  such  as  recent  antibiotic  exposure, 
history  of  immunosuppression,  or  presence  of  a 
biliary-enteric  anastomosis.  Knowledge  of  the 
local  susceptibility  profile  is  also  helpful. 

The  Surgical  Infection  Society  has  published 
guidelines  for  empiric  treatment  of  biliary  infec¬ 
tion  in  adults  [5]  (Table  86.3).  Data  regarding 
duration  of  antimicrobial  therapy  are  lacking. 
Most  experts  would  agree  that  antibiotics  can 
safely  be  discontinued  within  24  h  in  mild  dis¬ 
ease  (i.e.,  following  cholecystectomy  for  grade  I 
cholecystitis)  but  that  longer  courses  are  likely 
necessary  in  more  severe  disease.  In  cases  of 
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Table  86.3  Empiric  treatment  of  biliary  infection  in 


adults 

Infection 

Regimen 

Mild-moderate 
community- acquired 
acute  cholecystitis 

Cefazolin,  cefuroxime,  or 
ceftriaxone 

Community-acquired 
acute  cholecystitis  of 
high  severity  or  in  the 
setting  of  advanced 
age  or 

immunosuppression 

Imipenem-cilastatin, 
meropenem,  doripenem, 
piperacillin-tazobactam, 
ciprofloxacin,  levofloxacin,  or 
cefepime  each  in  combination 
with  metronidazolea 

Acute  cholangitis  of 
any  severity  following 
bilio-enteric 
anastomosis 

Imipenem-cilastatin, 
meropenem,  doripenem, 
piperacillin-tazobactam, 
ciprofloxacin,  levofloxacin,  or 
cefepime  each  in  combination 
with  metronidazolea 

Healthcare-associated 
biliary  infection 

Imipenem-cilastatin, 
meropenem,  doripenem, 
piperacillin-tazobactam, 
ciprofloxacin,  levofloxacin,  or 
cefepime  each  in  combination 
with  metronidazole, 
vancomycin  added  to  each 
regimena 

Adapted  from  Solomkin  et  al.  [5] 

aGiven  increasing  resistance  of  E.  coli  to  fluoroquino¬ 
lones,  local  population  susceptibility  profiles  and  isolate 

susceptibility  (if  available)  should  be  reviewed 

severe  disease,  longer  antimicrobial  courses  may 
be  indicated.  A  recent  randomized  trial  of  518 
patients  with  complicated  intra-abdominal  infec¬ 
tion  and  adequate  source  control  confirmed  that  a 
fixed-duration  antibiotic  therapy  (4  days) 
achieved  similar  outcomes  (primary  composite 
outcome  of  surgical  site  infection,  recurrent 
intra-abdominal  infection  or  death  within  30  days 
after  the  index  source  control  procedure)  as  a  lon¬ 
ger  course  of  antibiotics  (approximately  8  days) 
that  extended  until  after  the  resolution  of  physi¬ 
ological  abnormalities  (fever,  leukocytosis  and 
ileus)  [6]. 

Surgical  and/or  Interventional 
Management 

In  the  case  of  acute  cholecystitis,  it  is  well- 
established  that  early  (within  48  h  of  symptom 
onset)  cholecystectomy  is  associated  with  several 


advantages  including  reduced  healthcare  costs 
and  length  of  stay  without  increased  morbidity  or 
mortality.  Furthermore,  the  laparoscopic 
approach  has  been  shown  to  be  safe  when  per¬ 
formed  by  skilled  operators.  According  to  the 
Tokyo  Guidelines,  early  (within  72  h  of  symptom 
onset)  laparoscopic  cholecystectomy  is  the  pre¬ 
ferred  procedure  in  cases  of  grade  I  and  grade  II 
disease  [7,  8].  However,  if  severe  inflammation  is 
encountered  or  suspected,  conversion  to  open 
cholecystectomy  or  percutaneous  or  open  gall¬ 
bladder  drainage  are  safe  and  preferable  options. 
Grade  III  acute  cholecystitis  is  managed  with 
supportive  therapy  and  early  gallbladder  drain¬ 
age.  Cholecystectomy  is  performed  at  a  later  date 
if  indicated  (may  not  be  necessary  in  some  cases 
of  cholecystitis)  [9]. 

Biliary  drainage  is  the  most  crucial  compo¬ 
nent  of  therapy  for  acute  cholangitis  and  may  be 
performed  by  endoscopic,  percutaneous  inter¬ 
ventional,  or  surgical  means  [3,  8].  Surgery  is 
rarely  utilized  at  present  and  is  associated  with 
the  highest  mortality  rate.  Endoscopic  biliary 
drainage  (ERCP)  is  currently  the  gold  standard 
given  the  minimally  invasive  nature  and  high  suc¬ 
cess  rates.  Percutaneous  transhepatic  cholangio- 
graphic  (PTC)  drainage,  in  general,  is  second-line 
therapy  and  is  most  useful  in  patients  with  an 
inaccessible  papilla  due  to  altered  anatomy  (i.e., 
Roux-en-Y  anastomosis)  or  upper  GI  obstruc¬ 
tion.  According  to  the  Tokyo  Guidelines,  once 
the  diagnosis  has  been  established,  medical  ther¬ 
apy  is  instituted  as  described  above.  For  patients 
with  grade  I  disease,  an  initial  trial  of  medical 
management  is  acceptable  for  24  h  but  if  the 
patient  fails  to  improve  or  worsens,  biliary  drain¬ 
age  should  be  pursued.  In  cases  of  grade  II  and  III 
disease,  urgent  biliary  decompression  is 
recommended. 

Evidence  Contour 

In  general,  the  tenets  of  treatment  for  acute  cho¬ 
lecystitis  and  cholangitis  are  well-established. 
However,  uncertainty  exists  regarding  the  utility 
of  certain  diagnostic  studies  and  consensus  for 
duration  of  antimicrobial  therapy  are  lacking.  In 
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addition,  the  type  and  timing  of  intervention  for 
both  cholecystitis  and  cholangitis  are  debatable. 

Diagnostic  Studies 

It  is  generally  recommended  that  the  initial  diag¬ 
nostic  study  for  patients  with  RUQ  abdominal 
pain  is  ultrasonography.  The  sensitivity  of  ultra¬ 
sound  for  the  diagnosis  of  acute  cholecystitis  is 
81%  with  specificity  of  83%  [10,  11].  Though 
HIDA  scan  has  superior  sensitivity  (96%)  and 
specificity  (90%),  ultrasound  generally  is  the 
first-line  test  as  it  is  more  widely  available,  faster, 
allows  evaluation  for  gallstones,  and  allows 
assessment  of  the  intra-  and  extrahepatic  bile 
ducts.  Furthermore,  point-of-care  ultrasonogra¬ 
phy  performed  by  ED  physicians  for  suspected 
cholecystitis  has  similar  test  characteristics  to 
radiology-performed  ultrasound  and  may  have 
applicability  in  the  ICU  setting  when  performed 
by  trained  intensivists  [12].  HIDA  is  probably 
best  utilized  in  uncertain  cases  when  the  diagno¬ 
sis  could  alter  management  plans  and  the  patient 
can  tolerate  several  hours  in  the  radiology  suite. 
Computed  tomography  (CT)  is  most  useful  in 
equivocal  cases  and  can  identify  another  etiology 
of  the  infection  or  complications  of  cholecystitis 
such  as  gangrene,  abscess,  perforation,  and  intra¬ 
luminal  hemorrhage  [13].  As  an  initial  test,  CT 
suffers  from  low  sensitivity  (39  %)  and  positive 
predictive  value  (50%).  However,  the  negative 
predictive  value  (89  %)  is  acceptable  so  it  is  use¬ 
ful  to  exclude  the  diagnosis  in  patients  with  low 
clinical  suspicion  and  nonspecific  symptoms. 

In  the  case  of  cholangitis,  ultrasonography  is 
helpful  as  it  will  demonstrate  biliary  dilatation 
and  can  also  assess  for  cholecystitis.  However, 
this  study  may  not  provide  information  on  the 
nature  of  the  obstruction.  Common  causes 
include  choledocholithiasis  and  both  benign  and 
malignant  strictures.  In  cases  where  urgent 
decompression  is  needed  (grade  III  ±  grade  II), 
ERCP  is  both  therapeutic  and  can  provide  diag¬ 
nostic  information.  CT  is  not  recommended  as 
the  primary  imaging  modality  in  patients  with 
suspected  cholangitis  but  may  be  obtained  if  the 
patient  has  sepsis  of  uncertain  etiology.  The 


gallstone  detection  rate  is  poor,  but  if  choledo¬ 
cholithiasis  is  demonstrated  there  is  no  need  for 
further  imaging  [11].  Magnetic  resonance  chol¬ 
angiopancreatography  (MRCP)  is  a  noninvasive 
method  for  detecting  common  bile  duct  (CBD) 
stones  with  a  specificity  of  96.6  %  and  a  negative 
predictive  value  of  nearly  100%  [14].  This  test 
should  not  be  ordered  in  patients  in  whom  ERCP 
is  required  (grade  III  ±  grade  II  cholangitis)  but 
may  be  useful  in  milder  cases  of  disease  where  a 
negative  study  would  result  in  nonoperative 
therapy. 

Duration  of  Antibiotics 

As  mentioned  earlier,  data  regarding  duration  of 
antibiotic  therapy  in  biliary  infections  are  lack¬ 
ing.  The  2009  Surgical  Infection  Society  guide¬ 
lines  recommend  discontinuation  of  antibiotics 
within  24  h  of  cholecystectomy  in  the  case  of 
mild  disease  (B-II)  and  suggest  limiting  therapy 
to  4-7  days  in  cases  of  more  severe  disease  unless 
source  control  is  difficult  to  achieve  (B-III)  [5].  A 
point  of  emphasis  from  these  guidelines,  how¬ 
ever,  was  the  need  to  study  the  appropriate  dura¬ 
tion  of  antibiotic  therapy  as  the  use  of  antibiotics 
in  the  absence  of  guidelines  is  erratic,  costly,  and 
without  clear  benefit  [15]. 

A  recent  observational  study  examined  the 
relationship  between  surgical  site  infections  and 
duration  of  antibiotic  therapy  in  287  patients  with 
grade  II  acute  cholecystitis  who  underwent  cho¬ 
lecystectomy  within  72  h.  Most  patients  (58.2%) 
received  >7  days  of  antibiotics,  while  26.1% 
received  5-7  days  and  15.7  %  had  0-4  days  anti¬ 
biotic  therapy  [16].  Interestingly,  there  were  no 
significant  differences  in  frequency  of  surgical 
site  infection  between  the  groups  after  risk  adjust¬ 
ment,  suggesting  that  a  shorter  course  is  reason¬ 
able.  A  larger  Swiss  database  study  went  one  step 
further,  suggesting  that  antibiotic  prophylaxis  in 
acute  cholecystectomy  may  not  be  beneficial.  In 
this  study,  13,911  patients  who  underwent  acute 
cholecystectomies  for  gallstone-related  compli¬ 
cations  (73.2%)  and  uncomplicated  gallstone 
disease  (26.8%)  were  reviewed  and  the  relation¬ 
ship  between  antibiotic  prophylaxis  and  the 
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development  of  a  postoperative  infection  requir¬ 
ing  antibiotics  or  abscess  formation  was  reported. 
Of  note,  59%  of  patients  (n  =  8205)  in  this  study 
had  acute  cholecystitis.  Using  multivariable 
logistic  regression,  no  significant  benefit  was 
seen  with  antibiotic  prophylaxis  in  terms  of 
reduced  incidence  of  postoperative  infection 
requiring  antibiotics  or  abscess  formation  [17]. 

Data  regarding  duration  of  therapy  in  acute 
cholangitis  are  even  more  scant.  The  Tokyo 
Guidelines  recommend  5-7  days  of  antibiotics 
for  patients  with  acute  cholangitis  [18]  and  the 
Surviving  Sepsis  Campaign  recommends  7-10 
days  of  antibiotics  in  patients  with  sepsis  [19].  A 
recent  small,  prospective  study  reported  on  fever- 
based  management  of  patients  with  grade  II-III 
acute  cholangitis  treated  with  urgent  biliary 
decompression  [20].  Eighteen  patients  with  grade 
II  (n=14)  or  III  (n  =  4)  cholangitis  underwent 
biliary  decompression  with  a  mean  time  to  drain¬ 
age  of  6  h  after  diagnosis.  Antibiotics  were  con¬ 
tinued  until  the  patient  was  afebrile 
(temperature  <37  °C)  for  a  period  of  24  h,  and 
recurrence  within  3  days  and  at  4  weeks  was 
reported.  Body  temperature  normalized  after  a 
median  of  2  days  and  antibiotics  were  adminis¬ 
tered  for  a  median  of  3  days.  Four  patients 
required  5-7  days  of  antibiotics,  and  interestingly 
these  patients  were  all  found  to  have  bacteria 
resistant  to  the  initial  antibiotic,  underscoring  the 
importance  of  obtaining  cultures  when  feasible. 
No  patients  suffered  a  recurrence  of  cholangitis 
within  3  days  of  discontinuing  antibiotics  or  at  4 
weeks  follow-up.  Although  the  study  was  a  small 
group  of  highly-selected  patients,  it  suggests  that 
a  shorter  course  of  antibiotics  may  suffice. 

Type  and  Timing  of  Intervention 

No  randomized  controlled  trials  have  been  com¬ 
pleted  stratifying  the  surgical  management  of 
cholecystitis  by  grade  of  disease.  As  mentioned 
above,  it  is  well-accepted  that  early  laparoscopic 
cholecystectomy  is  safe  and  is  associated  with 
lower  morbidity  and  shorter  postoperative  stay 
relative  to  open  cholecystectomy  [21,  22]. 
Furthermore,  early  (preferably  within  48  h)  lapa¬ 


roscopic  cholecystectomy  is  associated  with 
decreased  length  of  stay,  decreased  rates  of  re¬ 
admission,  and  greater  cost  savings  without  an 
increase  in  morbidity  or  conversion  to  an  open 
procedure  when  compared  to  delayed  (>6  weeks) 
laparoscopic  cholecystectomy  [23]. 

Two  types  of  patients  warrant  special  men¬ 
tion;  those  with  acute  acalculous  cholecystitis 
and  those  with  a  prolonged  duration  of  symptoms 
or  who  present  a  prohibitive  operative  risk. 

Acalculous  cholecystitis  often  occurs  in 
chronically  ill  patients  who  are  more  likely  to 
already  be  in  an  ICU  setting  and  on  antibiotics 
for  unexplained  fever.  For  this  reason,  diagnosis 
is  often  delayed  and  may  be  difficult  to  establish 
as  ultrasound  and  CT  findings  may  be  non¬ 
specific.  Faparoscopic  cholecystectomy  may  be 
attempted  but  conversion  rates  are  high  (28%) 
[24].  Percutaneous  cholecystostomy  is  probably 
preferable  as  the  procedure  is  highly  effective 
and  has  low  morbidity  [25-27]. 

For  patients  with  a  prolonged  duration  of 
symptoms  (>72  h),  the  Tokyo  Guidelines  recom¬ 
mend  either  an  attempt  at  laparoscopic  cholecys¬ 
tectomy  or  gallbladder  drainage.  However, 
operative  times  are  prolonged  and  conversion 
rates  are  higher  when  surgery  is  delayed  beyond 
48  h  [28].  Antibiotics  ±  percutaneous  cholecys¬ 
tostomy  may  be  used  in  these  patients  and  in 
those  who  present  a  prohibitive  operative  risk. 
The  need  for  interval  cholecystectomy  remains 
controversial  as  there  are  no  randomized  con¬ 
trolled  trials  on  the  subject.  Delayed  interval  cho¬ 
lecystectomy  is  typically  recommended  but 
recent  studies  cite  a  low  rate  of  recurrence 
(0-16.7%)  following  cholecystostomy  alone  in 
patients  with  both  calculous  [26,  27]  and  acalcu¬ 
lous  [25]  cholecystitis.  Similarly,  treatment  with 
antibiotics  alone  was  associated  with  a  low 
(13.7  %)  recurrence  rate  in  226  patients  followed 
for  a  median  of  308  days  [29]. 

Although  biliary  decompression  is  the  most 
crucial  component  of  therapy  in  the  case  of  chol¬ 
angitis,  the  optimal  timing  is  still  debated.  A  retro¬ 
spective  study  of  90  patients  at  the  Johns  Hopkins 
Hospital  showed  that  unsuccessful  or  delayed 
ERCP  was  associated  with  prolonged  length  of 
stay  and  increased  costs.  Furthermore,  a  delay  in 
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ERCP  was  independently  associated  with 
increased  risk  of  death,  persistent  organ  failure, 
and/or  ICU  admission  (OR  7.8,  p  =  0.04)  [30]. 
However,  “delayed”  ERCP  was  defined  as  being 
performed  72  h  after  admission,  which  is  far  later 
than  what  the  Tokyo  Guidelines  recommend.  A 
recent  study  by  Mok  et  al.  attempted  to  better 
define  the  optimal  timing  of  biliary  decompres¬ 
sion.  The  authors  retrospectively  reviewed  250 
patients  who  had  undergone  either  ERCP  (n  =  228) 
or  percutaneous  biliary  drainage  (PBD;  n  =  22) 
and  reported  all-cause  mortality  with  respect  to 
time  of  intervention  [31].  The  risk  for  hospital 
mortality  was  significantly  less  in  the  earliest 
quartile  (intervention  within  11  h)  when  com¬ 
pared  to  the  latest  (>42  h)  quartile  (RR  0.34,  95  % 
Cl  0.12-0.99,  p  —  0.049),  and  the  risk  of  hospital 
readmission  was  also  less.  Other  secondary  end¬ 
points,  such  as  multiple  organ  failure,  sepsis,  sys¬ 
temic  inflammatory  response  syndrome,  and 
length  of  stay  showed  no  differences. 
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Case  Presentation 

A  28  year  old  African-American  woman  pre¬ 
sented  to  her  primary  care  physician  3  months 
postpartum  with  a  chief  complaint  of  progressive 
shortness  of  breath.  She  reported  a  progressive 
onset  during  the  last  month  of  gestation  which 
was  out  of  proportion  compared  to  her  previous 
pregnancy.  At  that  time,  the  symptoms  were 
attributed  to  normal  physiologic  changes  of  gra¬ 
vidity.  However,  her  symptoms  did  not  improve 
in  the  first  few  weeks  after  delivery  and  pro¬ 
gressed  to  include  orthopnea,  nocturnal  cough, 
and  lower  extremity  swelling.  A  transthoracic 
echocardiogram  revealed  four  chamber  enlarge¬ 
ment,  severely  reduced  left  ventricular  systolic 
function  with  an  ejection  fraction  of  5-10%, 
right  ventricular  dysfunction,  moderate  mitral 
and  tricuspid  regurgitation,  and  an  elevated  pul¬ 
monary  artery  systolic  pressure  of  56  mmHg. 
Additionally,  there  was  a  left  ventricular  throm¬ 
bus  noted  on  the  anteroseptal  wall.  A  right  heart 


H.  Kassis  •  M.P.  Aponte 

Cardiovascular  Institute,  Allegheny  Health  Network, 
Pittsburgh,  PA,  USA 

S.  Murali  (E3) 

Cardiovascular  Institute,  Allegheny  Health  Network, 
Pittsburgh,  PA,  USA 

Cardiovascular  Medicine,  Allegheny  General  Hospital, 

Pittsburgh,  PA,  USA 

e-mail:  srinivas.murali@ahn.org 


catheterization  revealed  elevated  filling  pressures 
and  low  cardiac  output  consistent  with  acute 
decompensated  heart  failure  with  a  reduced  ejec¬ 
tion  fraction  (HFrEF).  She  was  given  intravenous 
diuretics  and  intravenous  heparin  and  dobuta- 
mine  infusions  were  initiated. 

On  day  1  of  her  hospitalization,  the  patient 
developed  acute  mental  status  changes  and  right 
sided  hemiplegia.  She  was  emergently  intubated 
for  airway  protection.  CT  imaging  ruled  out  intra¬ 
cerebral  hemorrhage,  but  CT  angiography  revealed 
a  large  area  of  left  middle  cerebral  artery  territory 
ischemia  and  distal  left  internal  carotid  artery 
occlusion.  She  underwent  catheter  embolectomy. 
Her  medical  course  was  further  complicated  by 
hemorrhagic  conversion  of  cerebral  ischemia  and 
impending  central  brain  herniation  prompting 
emergent  craniotomy.  On  day  4,  she  was  extubated 
and  the  right  sided  paresis  improved. 
Anticoagulation  with  intravenous  heparin  was 
continued  throughout  her  hospitalization. 

Inotropic  therapy  with  dobutamine  was  also 
continued  and  she  underwent  aggressive  intrave¬ 
nous  diuresis.  After  her  filling  pressures  and  car¬ 
diac  indices  were  optimized,  the  dobutamine 
infusion  was  weaned  and  discontinued.  Therapy 
with  an  angiotensin  converting  enzyme  inhibitor 
and  a  beta  blocker  was  initiated.  Given  gesta¬ 
tional  hypertension,  preeclampsia  history,  and  an 
active  10  pack  year  history  of  tobacco  use,  the 
patient  underwent  a  selective  coronary  angio¬ 
gram  which  ruled  out  obstructive  coronary  artery 
disease.  Cardiac  MR  was  obtained  for  further 
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Fig.87.1  Chest  X-ray  on  admission  showing  cardiomeg- 
aly  without  significant  pulmonary  congestion 


Fig.  87.2  Trans-thoracic  echocardiogram  4-chamber 
view  showing  enlargement  of  both  left  and  right  ventricles 
consistent  with  a  dilated  cardiomyopathy 

assessment  of  myocardial  structure  and  function. 
This  revealed  dissipation  of  the  left  ventricular 
mural  thrombus  and  viable  myocardium.  There 
was  no  late  gadolinium  enhancement  indicative 
of  infarction,  inflammation  or  infiltration.  The 
left  ventricular  ejection  fraction  had  increased  to 
35%  (Figs.  87.1  and  87.2). 

The  patient  was  discharged  to  a  skilled  nurs¬ 
ing  facility.  Guideline  directed  medical  therapy 


was  optimized  as  an  outpatient  as  tolerated  based 
on  heart  rate  and  blood  pressure  measurements. 
Transthoracic  echocardiogram  repeated  3  months 
post  hospitalization  revealed  normal  left  ventric¬ 
ular  dimensions,  only  mildly  reduced  left  systolic 
function  (LVEF  50  %),  mildly  reduced  right  ven¬ 
tricular  systolic  function,  no  significant  valvular 
disease,  and  borderline  elevated  pulmonary  pres¬ 
sures  of  40  mmHg. 

Question  What  is  her  diagnosis  and  her  treat¬ 
ment  regimen? 

Answer  Peripartum  Cardiomyopathy 

Peripartum  cardiomyopathy  (PPCM)  is 
defined  as  (1)  the  new  development  of  cardiomy¬ 
opathy  in  a  previously  healthy  woman  in  the  final 
month  of  gestation  or  up  to  5  months  postpartum; 
(2)  demonstration  of  left  ventricular  systolic  dys¬ 
function  (ejection  fraction < 45  %,  and/or  frac¬ 
tional  shortening  <  30  % ,  end-diastolic 

dimension  >2.7  cm/m2)  and;  (3)  the  absence  of 
an  identifiable  cause  or  any  prior  heart  disease 
[1].  The  overall  incidence  is  relatively  low,  less 
than  0.1%  of  pregnancies,  and  the  majority  of 
patients  present  in  the  first  4  months  postpartum 
and  are  in  the  upper  or  lower  end  of  the  child 
bearing  age.  The  etiology  of  PPCM  may  be 
multi-factorial  and  it  remains  a  diagnosis  of 
exclusion.  A  familial  predisposition  has  been 
reported.  Viral  myocarditis  has  been  proposed 
and  supported  by  findings  of  myocyte  edema, 
necrosis,  fibrosis  and  lymphocytic  infiltration  on 
myocardial  biopsy.  A  pathologic  immune 
response  to  fetal  cells  in  the  maternal  myocar¬ 
dium  after  delivery  (micro-chimerism),  exagger¬ 
ated  mal-adaptive  hemodynamic  response  during 
pregnancy  characterized  by  increased  cardiac 
output,  decreased  afterload,  left  ventricular 
hypertrophy  and  dysfunction,  excessive  secretion 
of  prolactin,  increased  pro-inflammatory  cyto¬ 
kines,  mal-nutrition  and  selenium  deficiency,  and 
prolonged  use  of  tocolytic  drugs  have  all  been 
proposed  as  mechanisms  contributing  to  the 
development  of  PPCM  [2] . 

Symptoms  of  PPCM  include  progressive  dys¬ 
pnea,  orthopnea,  cough,  unintentional  weight 
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Table  87.1  Maternal  risk  factors  and  adverse  events  in  PPCM 


Maternal  risk  factors 

Major  adverse  events 

Long  term  effects  of  major  adverse  events 

Advanced  maternal  age 

African  American  race 
Non-Caucasian  ethnicity 
Multiparity 

Multigravidity 

Twin  pregnancy 

Poor  socioeconomic  status 
Gestational  Hypertension 
Pre-eclampsia 

Cardiopulmonary  arrest 
Refractory  heart  failure 

Atrial  fibrillation  or  flutter 
Ventricular  Arrhythmia 
Cerebrovascular  accident 

Limb  ischemia 

Death 

Permanent  pacemaker 

Implantable  cardioverter  defibrillator 

Temporary  mechanical  circulatory  support 

Left  ventricular  assist  device 

Heart  transplantation 

Neurologic  deficits 

gain  or  retention  of  weight  post-partum,  and 
peripheral  edema.  If  mild,  these  same  symptoms 
may  be  attributed  to  physiological  changes  of 
pregnancy  resulting  in  a  delay  in  the  diagnosis. 
One  series  demonstrated  a  significant  correlation 
between  major  adverse  event  rates  and  several 
weeks’  delay  in  diagnosis;  therefore  heightened 
awareness  is  crucial  [3].  Chest  discomfort  and 
palpitations  are  common  and  may  be  due  to  dys¬ 
rhythmias.  There  is  a  higher  incidence  of  sys¬ 
temic  embolization  in  PPCM.  Historical  clues 
indicative  of  thromboembolic  phenomena 
include  transient  loss  of  vision,  aphasia,  dyspha¬ 
gia,  asymmetric  lower  extremity  edema,  digital 
cyanosis,  abdominal  pain  and  decreased  urine 
output. 

Risk  factors  associated  with  the  development 
of  PPCM  include  African  American  race, 
advanced  maternal  age,  multiparity,  multigra¬ 
vidity,  tocolysis,  gestational  hypertension  or 
preeclampsia  [3,  4].  Major  adverse  events  are 
more  common  in  non-Caucasian  women,  initial 
left  ventricular  ejection  fraction  <25  %  and 
delay  in  diagnosis,  and  are  attributed  to  the 
development  of  left  ventricular  thrombus,  ven¬ 
tricular  arrhythmias,  and  refractory  heart  failure 
[3].  Complications  and  long  term  effects  include 
cardiac  arrest,  thromboembolic  events,  limb 
ischemia,  neurological  deficits,  and  use  of  tem¬ 
porary  or  permanent  mechanical  circulatory 
support  devices,  death,  and  heart  transplantation 
(Table  87.1).  Patients  who  have  suffered  a 
neurological  insult  have  residual  long-term 
morbidity  [3-5]. 

PPCM  patients  who  recover  their  left  ventric¬ 
ular  systolic  function  have  a  good  prognosis. 


Evidence  suggests  that  30-50%  of  patients  can 
fully  recover  left  ventricular  function  on  optimal 
medical  therapy.  There  is  a  risk  for  recurrence  of 
PPCM  among  these  patients  with  subsequent 
pregnancies  [6].  The  precise  risk  is  difficult  to 
predict,  and  there  are  no  guidelines  on  this  issue. 
PPCM  patients  with  persistent  left  ventricular 
dysfunction  are  clearly  at  risk  for  recurrence  with 
subsequent  pregnancies.  They  are  also  at  high 
risk  for  premature  births  and  spontaneous  abor¬ 
tions.  These  patients  should  be  strongly  coun¬ 
seled  against  future  pregnancies.  Patients  who 
fully  recover  their  cardiac  function  have  a  20  % 
risk  of  relapse  with  subsequent  pregnancies. 
Patients  who  have  a  normal  cardiac  contractile 
reserve  on  an  exercise  echocardiogram  may  be  at 
an  even  lower  risk  for  relapse  with  subsequent 
pregnancy.  These  patients  could  undergo  another 
pregnancy  under  careful  monitoring  with  serial 
echocardiograms,  and  NT  pro-BNP  measure¬ 
ments  without  a  relapse  of  PPCM.  It  is  also  not 
clear  if  women  who  fully  recover  their  cardiac 
function  can  safely  discontinue  their  heart  failure 
therapy  without  the  risk  of  decline  in  their 
LVEF.  In  the  absence  of  guidelines,  most  physi¬ 
cians  tend  to  continue  medical  therapy  in  recov¬ 
ered  patients.  Reported  mortality  worldwide  in 
PPCM  ranges  between  5  and  32  %  [7,  8].  Patients 
who  present  in  severe  heart  failure  or  shock  have 
a  higher  mortality.  Mortality  is  also  threefold 
higher  in  patients  who  have  a  fractional  shorten¬ 
ing  of  <20  %  and  a  left  ventricular  end-diastolic 
dimension  of  >6  cm  at  initial  presentation. 
Mortality  rates  have  improved  in  recent  years 
with  early  diagnosis  and  implementation  of 
guideline  based  medical  therapy. 
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Principles  of  Management 
Diagnosis 

Initially,  the  clinician  must  to  perform  a  careful 
bedside  clinical  assessment  looking  for  signs  of 
hypoperfusion  or  signs  of  congestion  that  will 
help  to  identify  the  hemodynamic  profile  of  the 
patient  [9].  Signs  of  hypoperfusion  include:  cool 
extremities,  altered  mental  status,  decreased 
pulse  pressure  and  renal  insufficiency,  while 
signs  of  congestion  include:  jugular  venous  dis¬ 
tention,  lower  extremity  edema,  rales  on  auscul¬ 
tation.  In  most  cases,  the  clinical  evaluation  will 
be  enough  to  define  the  hemodynamic  profile  of 
the  patient.  However,  sometimes  invasive  moni¬ 
toring  with  pulmonary  artery  catheterization  may 
be  necessary  to  make  the  diagnosis  and  guide 
therapy,  although  there  are  no  studies  that  com¬ 
pare  invasive  hemodynamic  monitoring  plus 
treatment  versus  standard  of  care  alone  in  this 
population  [10].  Once  the  hemodynamic  profile 
of  the  patient  has  been  established,  the  therapy 
will  be  guided  to  relieve  congestion  and/or 
improve  cardiac  output. 

Initial  assessment  in  PPCM  should  include 
transthoracic  echocardiography  to  evaluate  car¬ 
diac  size  and  function,  and  investigate  the  pres¬ 
ence  of  a  left  ventricular  thrombus  which  is  not 
uncommon  [1].  Cardiac  magnetic  resonance 
(CMR)  provides  a  more  accurate  measurement  of 
both  ventricular  volumes,  ejection  fraction,  and 
has  a  higher  sensitivity  for  the  detection  of  a  left 
ventricular  thrombus.  Late  gadolinium  enhance¬ 
ment  and  T2  weighted  imaging  can  provide 
important  diagnostic  information  regarding 
inflammation  or  myocarditis  and  fibrosis. 
Depending  on  concomitant  co-morbidities  and 
maternal  age,  assessment  for  ischemia  should  be 
made  with  coronary  angiography  or  stress 
testing. 

Electrocardiogram  findings  include  sinus 
tachycardia,  left  ventricular  hypertrophy  and 
ST-T  wave  repolarization  abnormalities  [11]. 
Patients  may  present  with  supraventricular  or 
ventricular  arrhythmias  or  cardiac  arrest,  as 
observed  in  patients  with  any  form  of  cardiomy¬ 
opathy.  The  electrocardiogram  can  help 


differentiate  other  causes  of  acute  heart  failure, 
including  myocardial  infarction  or  ischemia, 
cardiac  tamponade,  pulmonary  embolus,  mitral 
stenosis,  or  hemodynamically  significant 
dysrhythmias. 

Laboratory  investigation  includes  measure¬ 
ment  of  NT-pro  brain  natriuretic  peptide 
(NT-proBNP)  or  brain  natriuretic  peptide  (BNP). 
The  median  serum  levels  of  NT-proBNP  observed 
in  the  first  week  postpartum  after  a  normal  preg¬ 
nancy  is  typically  about  100  ng/mL  but  can  reach 
levels  up  to  700  ng/mL.  This  is  attributed  to 
increased  venous  return  and  preload  after  decom¬ 
pression  of  the  IV C  at  childbirth  [12-14].  However, 
in  peripartum  cardiomyopathy  NT-proBNP  levels 
are  significantly  higher  with  levels  in  the  range  of 
nearly  1000-3000  ng/mL  [14]. 

Differential  diagnoses  should  guide  other 
diagnostic  investigations  including  left  heart 
catheterization  and  cardiac  biomarkers  if  there  is 
a  suspicion  of  pregnancy-associated  myocardial 
ischemia  or  infarction,  ventilation-perfusion 
scanning  or  CT  pulmonary  angiogram  and 
D-dimer  if  pulmonary  embolus  is  suspected,  and 
checking  HIV  assays  as  a  potential  cause  for 
non-dilated  cardiomyopathy  [5].  Ultimately 
imaging  modalities  and  laboratory  data  are  com¬ 
plementary  to  a  thorough  physical  examination 
and  invasive  hemodynamic  assessment  may  be 
needed  for  directed  therapeutic  approach 
(Table  87.2). 


Table  87.2  Diagnosis  of  PPCM 


Clinical 

suspicion 

Symptoms  and 
signs 

Diagnostic  studies 

Previously 

Dyspnea  at  rest 

Complete  blood 

healthy 

or  exertion 

count  and 

woman  with 

Fatigue 

differential 

new  onset 

Exercise 

Complete  chemistry 

heart  failure 

intolerance 

BNP  or  NT-proBNP 

in  the  last 

Edema 

Cardiac  troponin-T 

month  of 

Chest  pain 

(if  needed) 

gestation  or 

Palpitations 

Chest  X-ray  (if 

first  4 

Cough 

needed) 

months 

Weight  gain 

EKG 

post-partum 

Weakness 

Transthoracic 

Risk  factors 

Jugular  venous 

echocardiogram 

for  PPCM 

distension 

CMR 

Family 

Tachycardia 

Endomyocardial 

History 

S3  or  S4  gallop 

biopsy  (if  indicated) 
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Standard  Medical  Therapy  for  Heart 
Failure 

The  medical  therapy  for  acute  decompensated 
heart  failure  in  peripartum  cardiomyopathy  is  the 
same  as  to  those  patients  with  acute  systolic  heart 
failure  from  other  etiologies  (Table  87.3).  In  gen¬ 
eral,  oxygen  should  be  administered  to  patients 
with  oxygen  saturations  lower  than  90%.  If  the 
patient  is  in  distress,  they  should  be  promptly 
intubated  and  placed  on  mechanical  ventilation 
to  reduce  the  work  of  breathing.  For  patients  with 
pulmonary  congestion,  especially  those  who 
present  with  pulmonary  edema,  the  use  of 


intravenous  diuretics  will  help  with  immediate 
relief  of  the  symptoms.  Loop  diuretics  should  be 
used  cautiously  in  the  antepartum  period  as  pre¬ 
cipitous  decreases  in  blood  pressure  from  a  large 
diuresis  can  compromise  placental  blood  flow. 
Thiazide  diuretics  may  be  a  useful  alternative  in 
these  patients.  Vasodilators  like,  nitroglycerine, 
nitropusside  and  nesiritide  can  be  used  in  combi¬ 
nation  with  diuretic  therapy  and  will  help  to 
decrease  preload  and  afterload  in  those  patients 
who  present  with  elevated  blood  pressures. 
However,  these  medications  should  be  avoided  in 
patients  with  systolic  blood  pressure  less  than 
100  mmHg.  Inotropes  like  dobutamine  and 


Table  87.3  Pharmacologic  therapy  in  PPCM 


Clinical  presentation 

Medication 

Dose 

During  pregnancy 

During  lactation 

Acute  decompensated  heart  failure 

Fetal  monitoring  in 
antepartum  women 

Furosemide 

Bumetanide 

20-600  mg  daily 

0.5-10  mg  daily 

Compatible 

Compatible 

Compatible 

Compatible 

If  SBP  >100  mmHg 

Nitroglycerine 

0. 1-5.0  mcg/kg/min 

Compatible 

Compatible 

Nitroprusside 

0.2-5  mcg/kg/min 

Unknown 

Unknown 

Milrinone 

0. 125-0.75mcg/kg/min 

Compatible 

Unknown 

Dobutamine 

2-10  mcg/kg/min 

Compatible 

Unknown 

If  SBP  <  80  mmHg 

Norepinephrine 

0.01-3  mcg/kg/min 

Compatible 

Unknown 

Epinephrine 

0.01-2  mcg/kg/min 

Compatible 

Unknown 

Dopamine 

2.5-20  mcg/kg/min 

Compatible 

Unknown 

Chronic  heart  failure 


Angiotensin¬ 
converting  enzyme 
inhibitor  (ACE-I) 

Lisinopril 

Enalapril 

Captopril 

losartan 

2.5- 40  mg  daily 

2.5- 10  mg  BID 

6.25-50  mg  TID 

25-150  mg  daily 

Discontinue 

Discontinue 

Discontinue 

Discontinue 

Discontinue 

Discontinue 

Discontinue 

Discontinue 

Angiotensin  II 
receptor  blockers 
(ARBs) 

Valsartan 

40-160  mg  BID 

Discontinue 

Discontinue 

Alternative  to 

ACE-I/ ARBs 

Hydralazine 

Isosorbide  dinitrite 

25-100  mg  TID 

10-30  mg  TID  or  QID 

Compatible 

Compatible 

Compatible 

Compatible 

Beta  blockers 

Carvedilol 

Metoprolol  succinate 

3.125-50  mg  BID 
12.5-200  mg  daily 

Discontinue 

Compatible 

Discontinue 

Compatible 

Aldosterone 

antagonists 

Epleronone 

Spironolactone 

25  mg  daily 

12.5-25  mg  daily 

Unknown 

Compatible 

Unknown 

Discontinue 

Digoxin 

0.125-0.25  mg  daily 

Compatible 

Compatible 

Targeted  therapies 

Bromocriptine 

IV  immunoglobulin 
Pentoxifylline 

2.5  mg  BID  for  2 
weeks,  then  2.5  mg 
daily  for  4-6  weeks 

1  g/kg  daily  for  2  days 
400  mg  TID 

Compatible 

Compatible 

Compatible 

Unknown 

Discontinue 

Unknown 

Discontinue 

Unknown 
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milrinone  are  indicated  in  patients  who  present 
with  decreased  perfusion  or  in  cardiogenic  shock 
in  order  to  improve  the  cardiac  output  and  main¬ 
tain  adequate  organ  perfusion.  Other  inotropic 
drugs  like  levosimendan,  although  used  exten¬ 
sively  in  other  countries,  are  not  approved  in  the 
United  States  [5].  The  use  of  vasopressors  like 
norepinephrine,  epinephrine  and  dopamine  is 
associated  with  an  increase  in  afterload  and  a 
subsequent  decrease  in  the  cardiac  output  and 
their  use  should  be  restricted  to  patients  with 
marked  hypotension  despite  adequate  filling 
pressures  and  cardiac  output. 

Chronic  Medical  Therapy 

Once  hemodynamic  stabilization  is  achieved,  the 
patients  should  be  started  on  chronic  therapy  for 
heart  failure  with  reduced  ejection  fraction  in 
accordance  with  the  AHA/ ACC  guidelines  tar¬ 
geting  goal  doses,  including  angiotensin  convert¬ 
ing  enzyme  inhibitors  (ACE-I)  or  angiotensin  II 
receptor  blockers  (ARBs),  hydralazine-nitrate  for 
those  patients  intolerant  or  with  contraindications 
to  the  use  of  ACE-I  or  ARBs,  and  aldosterone 
antagonists.  Beta  blockers  should  be  started  once 
the  patients  are  euvolemic  and  no  longer  requir¬ 
ing  intravenous  therapies  [15].  It  is  important  to 
remember  that  during  pregnancy  the  use  of  ACE-I 
and  ARBs  is  contraindicated  due  to  fetal  toxicity. 
Eplerenone,  an  aldosterone  antagonist,  is  gener¬ 
ally  contraindicated  during  pregnancy  due  to  lack 
of  studies  on  fetal  toxicity  and  beta  blockers  with 
B2  receptor  antagonism  should  be  avoided  due  to 
their  anti-tocolytic  action  [5]. 

Anticoagulation 

Acute  and/or  chronic  anticoagulation  is  needed 
in  patients  with  paroxysmal  or  persistent  atrial 
arrhythmias,  demonstrable  left  ventricular  throm¬ 
bus  or  clinical  evidence  for  embolic  event.  The 
use  of  novel  oral  anti-coagulants  is  not  recom¬ 
mended  in  PPCM. 

Implantable  Cardioverter  Defibrillator 

Patients  with  symptomatic,  sustained  ventricular 
tachycardia  or  survivors  of  cardiac  arrest  will 
need  an  implantable  cardioverter  defibrillator 


(ICD)  prior  to  discharge  from  the  hospital. 
Patients  with  LVEF  <35  %  should  receive  a  wear¬ 
able  external  defibrillator  (Lifevest)  at  the  time  of 
discharge  from  the  hospital.  If  the  LVEF  remains 
under  35  %  despite  3  months  of  optimal  guideline 
based  medical  therapy  at  goal  doses,  they  should 
receive  a  prophylactic  ICD  for  primary  preven¬ 
tion  against  sudden  cardiac  death. 

Mechanical  Support 

For  those  patients  who  remain  unstable  and  in  per¬ 
sistent  heart  failure  despite  optimal  medical  ther¬ 
apy  or  for  those  that  are  inotrope  dependent,  the 
use  of  temporary  or  durable  mechanical  circula¬ 
tory  support  and  heart  transplantation  evaluation 
should  be  considered.  Mechanical  support  with  a 
left  ventricular  assist  device  should  be  considered 
first  in  these  patients  due  to  the  likelihood  of  full 
recovery  of  left  ventricular  function  at  6  months  in 
nearly  half  of  the  patients  with  PPCM  [5].  The  evi¬ 
dence  for  use  of  mechanical  circulatory  support  in 
these  patients  is  anecdotal  and  there  are  no  studies 
comparing  the  different  types  of  device  therapies 
[10].  For  some  of  these  patients,  IABP  is  adequate 
support  as  a  temporary  (up  to  5-7  days)  bridge  to 
recovery  or  bridge  to  LVAD;  other  temporary  sup¬ 
port  strategies  like  Centrimag  extra-corporeal  sup¬ 
port  system,  Impella  CP,  and  Tandemheart  pVAD 
are  also  helpful  for  temporary  support  (2-4  weeks) 
as  a  bridge  to  recovery  or  LVAD;  and  finally  dura¬ 
ble  LVADs  can  be  use  as  a  long  term  bridge  to 
recovery  or  transplantation  [16].  In  an  analysis 
from  the  INTERMACs  registry,  women  with 
PPCM  who  received  support  with  LVAD  had  a 
better  survival  than  women  with  other  forms  of 
cardiomyopathy  [17].  In  the  same  analysis,  just 
48  %  of  the  women  with  LVAD  and  a  history  of 
PPCM  needed  cardiac  transplantation  after  3  years 
on  mechanical  support.  It  should  be  noted  that 
cardiac  transplantation  may  carry  a  higher  risk  for 
allograft  rejection  in  these  patients. 

Delivery 

If  the  cardiomyopathy  is  diagnosed  during  gesta¬ 
tion,  there  is  no  need  for  early  delivery  unless  the 
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mother  presents  with  hemodynamic  instability 
[5].  Early  delivery  can  often  precipitate  and 
worsen  the  signs  and  symptoms  of  heart  failure. 
In  that  case,  the  primary  objective  is  to  achieve 
maternal  cardiovascular  benefit  and  vaginal 
delivery  is  preferred  except  in  women  requiring 
mechanical  support  or  for  obstetrical  complica¬ 
tions  [5]. 

Postpartum  Supportive  Care 

Women  who  are  malnourished  should  undergo 
nutritional  counseling  and  receive  appropriate 
nutritional  supplements.  Many  of  the  drugs  used 
to  treat  HFrEF  should  be  avoided  if  the  patient  is 
breast  feeding.  Perhaps,  it  is  safest  to  avoid  breast 
feeding  in  PPCM  patients  to  avoid  the  risk  of  get¬ 
ting  drugs  ingested  by  the  infant  through  breast 
milk.  Breast  feeding  does  not  need  to  be  inter¬ 
rupted  for  administration  of  gadolinium  to  obtain 
a  cardiac  MR  for  diagnostic  purposes  [5]. 

Evidence  Contour 

Several  studies  have  suggested  a  role  for  inflam¬ 
mation  in  the  pathogenesis  of  PPCM.  There  is  an 
increase  in  inflammatory  markers  in  PPCM 
patients,  including  tumor  necrosis  factor-a  (TNF- 
a),  C-reactive  protein  (CRP),  Interleukin-6  and 
interferon  y  [18].  In  addition,  during  pregnancy 
there  is  an  increase  in  oxidative  stress  [19].  In  ani¬ 
mal  models,  this  increase  in  oxidative  stress  leads 
to  an  overexpression  of  the  signal  transducer  and 
activator  of  transcription  3  (Stat  3).  Stat-3  increases 
cathepsin  D,  an  enzyme  that  cleaves  prolactin  into 
its  active  form.  This  active  form  of  prolactin  has 
pro-apoptotic  and  anti-angiogenic  properties  that 
can  lead  to  a  destruction  of  cardiac  myocytes,  and 
cardiac  dysfunction  [20]. 

Immunotherapy  and  Anti¬ 
inflammatory  Mediators 

Based  on  these  findings,  some  authors  have 
suggested  the  use  of  targeted  therapies  such  as 
intravenous  immunoglobulin  [21],  pentoxifylline 


(that  decreases  action  of  TNF-a,  CRP  and  fas / 
apoptosis  antigen  1)  [22]  and  bromocriptine  (a 
dopamine  agonist  that  decreases  prolactin  produc¬ 
tion)  [23-26]  based  on  promising  results  with 
improvement  in  mortality,  LV  function  and  func¬ 
tional  capacity  in  small  studies.  Because  of  the 
lack  of  large,  randomized  clinical  studies,  these 
medications  are  not  recommended  as  part  of  the 
routine  therapy  in  PPCM.  In  addition,  bromocrip¬ 
tine  use  has  been  associated  with  several  reports  of 
myocardial  infarction  and  anticoagulation  should 
be  used  routinely  with  this  medication  [27]. 
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Case  Presentation 

A  45  year  old  obese,  multiparous  (G3P3),  African 
American  female  with  no  other  past  medical  his¬ 
tory  and  an  uncomplicated  prenatal  course,  pres¬ 
ents  with  twins  at  40  weeks  gestation.  Her  prior 
vaginal  deliveries  were  uncomplicated.  She  expe¬ 
riences  a  tumultuous  labor  of  many  hours  with 
delivery  by  Cesarean  section  because  of  fetal  dis¬ 
tress.  Shortly  after  delivery,  she  suddenly  com¬ 
plains  of  shortness  of  breath.  Her  oxygen 
saturation  falls  from  98  to  74%,  blood  pressure 
falls  to  86/50,  and  she  suffers  a  generalized  sei¬ 
zure.  You  also  note  oozing  at  her  IV  insertion 
sites  and  increased  bloody  vaginal  discharge. 

Question  What  diagnosis  is  suspected? 

Answer  Amniotic  Fluid  Embolism  Syndrome 
(AFE)  is  a  clinical  diagnosis  of  exclusion,  that  is 
rare  (estimated  between  1.7  and  12  cases  per 
100,000  deliveries)  [1-9]  but  with  high  mortality 
(most  recent  data  estimates  11-43%)  [1-9]  and 
morbidity  (especially  neurologic  injury).  It  is 
unpredictable,  unpreventable  and  usually  occurs 
with  an  abrupt  onset  during  pregnancy  or  shortly 
after  delivery  with  a  constellation  of  multi  sys¬ 
temic  symptoms  [10]. 

She  is  intubated  for  airway  protection  and  to 
improve  oxygenation.  Ativan  is  given  to  control 
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seizure  activity.  A  500  cc  crystalloid  bolus  results 
in  minimal  blood  pressure  improvement.  Stat 
labs  are  ordered:  ABG  with  Pa02  of  60,  Hgb  of  7 
(previously  14),  platelet  of  90,  (PT,  PTT,  INR, 
D-dimer,  fibrinogen  levels  consistent  with  DIC). 
Stat  blood  transfusion  is  ordered.  Oxygenation 
improves  to  96%  and  blood  pressure  to  118/72. 
The  patient  is  transferred  to  the  ICU  where  an 
arterial  line  and  central  venous  catheter  are  placed. 
Portable  chest  x-ray  is  obtained.  Norepinephrine 
infusion  is  started. 


Symptoms 

1.  Hypoxemia  (most  common)  and  respi¬ 
ratory  failure 

2.  Hypotension  from  cardiogenic  shock 

3.  Disseminated  intravascular  coagulation 

4.  Seizures  or  coma 


Risk  Factors 

1.  Precipitous  or  tumultuous  labor  [10] 

2.  Advanced  maternal  age  [6,  7,  11,  12] 

3.  Cesarean  [6-8,  11,  12]  and  instrumen¬ 
tal  delivery  [10] 

4.  Placenta  previa  and  abruption  [6,  11] 

5.  Multiparity  [12] 

6.  Multiple  birth  delivery  [8,  11] 

7.  Cervical  lacerations  [10] 

8.  Fetal  distress  [8,  11] 

9.  Eclampsia  [11] 

10.  Medical  induction  of  labor  [8,  11] 
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Pathophysiology 

The  precise  mechanism  is  unclear.  It  is  proposed 
that  amniotic  fluid  enters  the  maternal  circulation 
through  endocervical  veins,  placental  insertion 
site,  or  a  site  of  uterine  trauma  [13].  There  is  evi¬ 
dence  of  a  biphasic  pattern  of  cardiogenic  shock. 
During  the  initial  phase  (15-30  min)  there  is 
acute  pulmonary  hypertension  and  right  heart 
failure  followed  by  a  later  phase  of  left  ventricu¬ 
lar  dysfunction  [14]. 

Hypoxemia  is  primarily  due  to  severe  ventila¬ 
tion/perfusion  mismatching  contributed  to  by 
acute  pulmonary  hypertension  in  the  initial 
phase  and  cardiogenic  pulmonary  edema  in  the 
second  phase  [15].  Physical  obstruction  or  vaso¬ 
constriction  of  pulmonary  vasculature  caused  by 
amniotic  fluid  emboli  may  be  the  main  mecha¬ 
nism  of  the  brief  phase  of  right  ventricular  fail¬ 
ure  [10],  whereas,  the  second  phase  appears  to 
be  due  to  an  anaphylactoid  reaction  mediated  by 
immunologic  factors  such  as  complement  activa¬ 
tion  [5,  16,  17].  These  findings  may  explain  why 
there  are  often  few  or  no  anatomical  changes 
seen  at  autopsy  in  the  pulmonary  vasculature 
unlike  the  occlusive  thrombi  associated  with  pul¬ 
monary  emboli. 

Principles  of  Management 
Diagnosis 

The  most  important  aspect  of  diagnosis  is  maintain¬ 
ing  a  high  index  of  suspicion.  There  are  currently 
variations  in  definitions  of  AFE  among  nations,  but 
most  diagnoses  are  based  on  clinical  symptoms.  All 
definitions  include  an  acute  onset  of  symptoms 
(hypoxia/respiratory  distress,  hypotension/cardiac 
arrest,  DIC,  and  coma/seizure)  in  a  pregnant  or 
peripartum  woman  that  requires  intervention  with 
no  other  clear  alternative  explanation. 

There  is  a  recent  suggestion  that  there  is  more 
than  one  type  of  AFE.  One  type  is  characterized 
as  AFE  that  starts  with  cardiopulmonary  collapse 
and  another  type  that  presents  initially  with  uter¬ 
ine  atonic  bleeding/DIC  [5]. 


Management 

There  is  no  specific  treatment  of  AFE.  Management 
consists  of  supportive  care  with  the  main  objec¬ 
tives  to  correct  hypoxemia  and  hypotension  to 
prevent  ischemic  sequelae  such  as  hypoxic  brain 
injury,  acute  kidney  injury  and  to  maintain  oxy¬ 
gen  delivery  to  any  unborn  fetus. 

Initial  Assessment 

Initial  assessment  should  include  continuous 
cardiac/respiratory  monitoring  of  maternal  oxy¬ 
hemoglobin  saturation,  heart  rate,  rhythm, 
respiratory  rate,  and  non-invasive  blood  pres¬ 
sure,  as  well  as  fetal  heart  rate  if  applicable. 
Preparations  should  be  made  to  insert  both  an 
arterial  catheter  and  central  venous  catheter,  but 
placement  should  not  delay  supportive  thera¬ 
pies.  The  arterial  catheter  provides  continuous 
invasive  blood  pressure  monitoring  and  access 
for  frequent  arterial  blood  gases.  A  central 
venous  catheter  is  used  for  infusion  of  fluids, 
medications,  blood  products,  and  access  for 
venous  blood  testing  [1]. 

Routine  placement  of  a  pulmonary  arterial 
catheter  for  hemodynamic  monitoring  is  usually 
not  advised  but  may  be  useful  in  select  patients 
with  shock,  pulmonary  edema,  and  whose  intra¬ 
vascular  volume  is  uncertain. 

Oxygenation 

Provide  supplemental  oxygen  with  a  goal 
maternal  Pa02>65.  This  goal  is  chosen  because 
Pa02  of  65  lies  on  the  flat  portion  of  the  hemo¬ 
globin  dissociation  curve  where  small  changes 
in  Pa02  do  not  cause  large  changes  in  oxyhe¬ 
moglobin  saturation  and  oxygen  delivery. 
Oxygen  should  be  provided  through  high  flow 
supplemental  oxygen  via  facemask  or  invasive 
mechanical  ventilation  if  needed  (with  adjust¬ 
ment  of  fraction  of  inspired  oxygen,  positive 
end-expiratory  oxygenation,  and  inspiratory  to 
expiratory  ratio). 
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Noninvasive  positive  pressure  ventilation 
should  be  avoided  due  to  high  risk  of  aspiration 
during  pregnancy.  Intrapartum  women  may  also 
need  red  blood  cell  transfusion  and  inotropic 
agents  to  increase  maternal  cardiac  output  and 
maintain  oxygen  delivery  to  the  fetus  [1]. 

Hemodynamic  Support 

Hypotensive  patients  require  repletion  of  intra¬ 
vascular  volume  when  they  are  clinically  hypo¬ 
volemic.  In  normovolemic  or  hypervolemic 
patients,  a  vasopressor  is  the  treatment  of  choice. 
In  patients  whose  intravascular  status  is  unclear, 
treatment  can  either  begin  empirically  with  a 
vasopressor  or  hemodynamic  monitoring  with 
fluid  repletion  if  indicated. 

Norepinephine  and  dopamine  are  initial  vaso¬ 
active  agents  of  choice.  Dobutamine  can  be  added 
to  increase  cardiac  output  and  decrease  afterload 
in  cardiogenic  shock.  Dobutamine  should  be 
added  after  vasopressors  have  increased  blood 
pressure  and  to  prevent  hypotension  when  dobu¬ 
tamine  is  used  alone. 

There  should  be  cautious  use  of  intravenous 
fluids  in  patients  with  AFE  since  pulmonary 
edema  is  a  common  feature  of  AFE.  Intravenous 
fluids  should  be  given  in  small  bolus  with  reas¬ 
sessment  after  each  bolus  and  fluids  discontinued 
once  normovolemic  or  if  there  are  signs  of  pul¬ 
monary  edema. 

In  addition  to  intravenous  fluids  and  vasoac¬ 
tive  agents,  blood  transfusions  are  needed  in 
cases  of  AFE  with  coagulopathy  or  DIC. 

Delivery  of  Fetus 

If  AFE  presents  intrapartum,  the  decision  for 
immediate  delivery  of  the  fetus  is  usually  man¬ 
dated  to  support  maternal  hemodynamics.  Efforts 
should  be  made  to  correct  coagulopathy  prior  to 
emergent  cesarean;  otherwise  blood  products 
(blood,  fresh  frozen  plasma,  platelets,  and  cryo- 
precipitate)  should  be  available  in  the  operating 
room. 


Evidence  Contour 
Diagnosis 

In  1926,  the  presence  of  amniotic  fluid  debris 
was  first  described  in  the  pulmonary  vascula¬ 
ture  of  a  mother  who  died  suddenly  in  labor 
[18],  but  the  syndrome  was  not  recognized  until 
1941  when  an  autopsy  series  revealed  fetal 
mucin  and  squamous  cells  in  the  pulmonary 
vasculature  of  women  who  died  suddenly  of 
shock  during  labor  [19].  Previously,  amniotic 
fluid  found  in  a  blood  sample  from  the  distal 
port  of  a  pulmonary  artery  catheter  was  pathog¬ 
nomonic  for  AFE.  Amniotic  fluid  debris  is  also 
found  in  the  circulation  of  healthy  pregnant 
women  without  AFE  [20]  and  there  are  cases  of 
AFE  that  meet  clinical  criteria,  but  have  no 
amniotic  or  fetal  components  detected  in  the 
lungs  post  mortem  [5]. 

Several  serum  markers  for  an  ancillary  diag¬ 
nosis  of  AFE  have  been  proposed.  Low  levels  of 
C3  and  C4  had  a  sensitivity  between  88  and 
100  %  and  a  specificity  of  100  %  for  the  diagnosis 
of  AFE  [21].  In  a  recent  study  of  over  400  cases 
of  AFE  in  Japan,  levels  of  zinc  coproporphyrin- 1 
and  sialyl  Tn  antigen  levels  were  increased  in 
cases  of  AFE  that  presented  mainly  with  cardio¬ 
pulmonary  collapse,  and  C3  and  C4  levels  were 
reduced  in  cases  of  AFE  that  mainly  involved 
DIC  and  atonic  bleeding  [5]. 

Insulin-like  growth  factor  binding  protein- 1 
was  also  found  to  be  higher  in  women  with 
AFE  in  a  case  control  study  compared  to  women 
with  post-partum  hemorrhage,  normal  preg¬ 
nancy,  complicated  pregnancy  and  nonpregnant 
women  with  pulmonary  embolism  [22],  but  this 
has  not  been  fully  validated  for  routine  clinical 
practice. 

Cl  esterase  inhibitor  levels  were  decreased  in 
patients  with  AFE,  and  many  deceased  patients 
from  AFE  had  Cl  esterase  inhibitor  levels  far 
below  25%.  The  suggested  mechanism  is  that 
decreased  levels  of  Cl  esterase  inhibitor  un¬ 
inhibit  the  complement  system  and  contribute  to 
uterine  atony,  DIC  and  the  anaphylactoid  reac¬ 
tion  seen  in  AFE  [5]. 
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Adjunctive  Therapies 

Some  adjunct  therapies  reported  include  the  use 
of  nitric  oxide  [23]  and  a  right  ventricular  assist 
device  [24]  in  patients  with  pulmonary  hyperten¬ 
sion  and  right  ventricular  failure. 

Cardiopulmonary  bypass  with  thromboembo- 
lectomy  [25],  intra-aortic  balloon  pump  counter¬ 
pulsation,  and  extracorporal  membrane 
oxygenation  (ECMO)  [26,  27]  have  been  used  in 
patients  with  severe  left  ventricular  failure  and 
hypoxemia. 

Recombinant  human  factor  Vila  (rVIIa)  has 
been  used  in  patients  with  severe  coagulopathy 
and  bleeding,  especially  in  those  undergoing  sur¬ 
gery  to  control  postpartum  hemorrhage.  It  is  con¬ 
troversial  in  its  use  in  AFE  because  rVIIa  may  be 
associated  with  thrombotic  morbidity  and  mor¬ 
tality  [24,  28].  Although  in  a  recent  case  report, 
rVIIa  was  used  in  a  case  with  AFE  and  resulted  in 
clinical  improvement  of  her  coagulopathy  and 
without  apparent  adverse  thrombotic  effect  [29] . 

Low  levels  of  Cl  esterase  inhibitor  are  associ¬ 
ated  with  AFE  and  Cl  esterase  contained  in  fresh 
frozen  plasma  seems  to  contribute  to  improve¬ 
ment.  This  suggests  that  obtaining  levels  may  be 
applicable  for  prognosis  and  supplemental  Cl 
esterase  inhibitor  (indicated  currently  for  heredi¬ 
tary  angioedema)  may  be  a  potential  treatment 
for  AFE  [5]. 
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Case  Presentation 

A  26  year-old  gravida  3  para  2  with  no  known 
prior  medical  history  presents  at  34  weeks  gesta¬ 
tion  to  the  emergency  room  with  shortness  of 
breath  that  worsened  in  the  last  24  h.  She  had 
been  sick  for  the  last  week  and  had  been  to  her 
primary  care  provider  who  treated  her  symptom¬ 
atically.  Vital  signs  are  remarkable  for  an  oxygen 
saturation  of  88  %  on  room  air  and  tachycardia. 
On  exam  she  appears  to  be  tachypneic,  using 
accessory  muscles  of  respiration.  Coarse  breath 
sounds  are  heard  on  auscultation.  She  has  mild 
pedal  edema.  A  rapid  flu  test  comes  back  posi¬ 
tive.  Chest  X-ray  shows  diffuse  interstitial  infil¬ 
trates  (Fig.  89.1).  She  is  admitted  to  the  intensive 
care  unit  and  started  on  supplemental  oxygen  and 
oseltamivir.  A  blood  gas  obtained  an  hour  after 
admission  shows  a  PC02  of  40  and  a  Pa02  of  70 
on  an  FI02  of  100  %. 

Question  What  is  her  diagnosis? 

Answer  ARDS  associated  with  Influenza 
pneumonia. 
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Question  What  will  you  do  next? 

Answer  Intubate  the  patient  with  precautions 
for  possible  difficulty  airway  and  initiate  mechan¬ 
ical  ventilation.  Initiate  empiric  antibacterial 
therapy  along  with  neuraminidase  inhibitors. 


Principles  of  Management 

Physiologic  Respiratory  Changes 
Seen  in  Pregnancy 

Dyspnea  on  exertion  is  a  common  complaint 
reported  by  gravid  patients  as  the  pregnancy  pro¬ 
gresses.  The  etiology  is  the  increase  in  oxygen 


Fig.  89.1  Patient’s  chest  x-ray 
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consumption  by  almost  20%.  However,  the  body 
compensates  for  this  by  increasing  both  respira¬ 
tory  rate  and  tidal  volume,  thereby  increasing 
minute  ventilation  [1,2].  These  changes  make  the 
partial  pressure  of  oxygen  slightly  higher  than 
normal  on  a  blood  gas,  and  would  range  from  100 
to  110  mmHg.  The  partial  pressure  of  carbon 
dioxide  would  be  lower  than  normal  for  a  non¬ 
pregnant  patient  and  ranges  from  27  to  32  mmHg 
[3].  Low  pulmonary  reserves  that  arise  from 
reductions  in  functional  residual  capacity  and 
increased  oxygen  consumption  make  pregnant 
women  develop  hypoxemia  more  rapidly  [4]. 

Differential  Diagnosis  of  Pulmonary 

Conditions  in  Pregnancy 

Conditions  Unique  to  Pregnancy 
Pulmonary  edema 

•  Pre-eclampsia  related 

•  Tocolytic  induced  pulmonary  edema 

•  Peripartum  cardiomyopathy 

•  Ovarian  hyper  stimulation  syndrome 

•  Mendelson  syndrome 

•  Amniotic  emboli 

Conditions  not  Unique  to  Pregnancy 
Exacerbation  of  underlying  pulmonary 

conditions 

•  Asthma 

•  Obstructive  sleep  apnea 

Pulmonary  infections 
Pulmonary  emboli 

ARDS  secondary  to  trauma,  bums,  sepsis 

Pulmonary  Edema 

Pulmonary  edema  can  be  broadly  classified  as 
cardiogenic  or  non-cardiogenic.  Cardiac  output 
increases  very  early  on  and  is  the  highest  in  the 
post-partum  period.  Plasma  volume  expands  due 
to  sodium  and  water  retention,  thereby  increasing 
preload,  but  afterload  reduces  due  to  vasodilation 
systemically  [5].  The  most  common  causes  of 
non-cardiogenic  acute  pulmonary  edema  in 


pregnancy  are  the  use  of  tocolytic  agents,  fluid 
overload,  preeclampsia,  sepsis,  trauma  or  follow¬ 
ing  aspiration  of  gastric  contents  [6,  7]. 

Pre-eclampsia  associated  pulmonary  edema  - 
Pulmonary  edema  is  a  frequently  encountered 
complication  in  patients  with  pre-eclampsia  with 
most  cases  occurring  after  delivery.  Initial  manage¬ 
ment  involves  lowering  the  blood  pressure  urgently 
especially  in  patients  who  have  severe  elevations  of 
blood  pressure  that  persists  longer  than  15  min. 
Once  pulmonary  edema  occurs,  parenteral  therapy 
is  more  effective,  and  nitroglycerine  is  the  agent  of 
choice  as  recommended  by  The  European  Society 
of  Cardiology  [8].  Diuretics  should  be  instituted  to 
promote  pre  load  reduction  recognizing  that  the 
preeclamptic  patient  may  have  complex  fluid  bal¬ 
ance  needs  due  to  low  oncotic  pressure.  When  nec¬ 
essary,  noninvasive  ventilation  is  recommended,  in 
patients  with  increased  work  of  breathing  or  hypox¬ 
emia  as  it  is  known  to  improve  these  parameters 
and  can  decrease  the  need  for  invasive  mechanical 
ventilation  by  [9]. 

Tocolytic  induced  pulmonary  edema  is  rela¬ 
tively  uncommon  [10].  Tocolytics  such  as  rito- 
drine  and  terbutaline  are  beta  agonists  that 
increase  heart  rate  and  stroke  volume  but  cause 
peripheral  vasodilation  and  decrease  blood  pres¬ 
sure.  Management  involves  firstly  stopping  the 
tocolytic  therapy  and  treating  pulmonary  edema 
with  diuretics.  These  patients  tend  to  recover  well 
and  reported  mortality  is  low  [11]. 

Peripartum  cardiomyopathy  -  These  patients 
usually  have  no  known  prior  heart  disease  and 
present  with  congestive  heart  failure  typically  in 
the  last  month  of  pregnancy  and  up  to  5  months 
post-partum.  Unfortunately,  the  mortality  can  be 
as  high  as  20-50%  [12,  13]. 

Ovarian  hyper  stimulation  syndrome  ( OHSS ) 
is  another  uncommon  cause  of  pulmonary  edema 
with  a  prevalence  of  1-10  %.  Mechanisms  are  not 
entirely  clear  but  involve  increased  vascular  per¬ 
meability.  Treatment  is  supportive  care  [14]. 

Aspiration  -  Certain  factors  such  as  an  incom¬ 
petent  lower  esophageal  sphincter  coupled  with  a 
decrease  in  stomach  motility  can  increase  the  risk 
for  aspiration.  One  must  have  a  high  index  of  sus¬ 
picion  as  not  all  events  are  witnessed.  Treatment 
is  usually  supportive  [15]. 
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Airway  Disease 

Asthma  is  seen  very  frequently  with  prevalence  in 
pregnancy  ranging  from  1  to  8  %  [16].  Certain  fac¬ 
tors  easily  obtained  by  a  good  history  can  help  you 
understand  who  is  at  increased  risk  of  complica¬ 
tions  from  asthma,  these  being  history  of  exacer¬ 
bations,  intubations,  and  recent  steroid  use.  Most 
exacerbations  are  characterized  by  cough,  wheez¬ 
ing,  and  dyspnea.  The  National  Asthma  Education 
and  Prevention  (NAEP)  group  recommends 
obtaining  a  baseline  peak  expiratory  flow  in  order 
to  guide  further  management.  If  the  patient  is 
approaching  less  than  half  of  what  their  baseline 
is,  then  treatment  with  supplemental  oxygen  to 
correct  hypoxemia  and  bronchodilators  such  as  a 
beta-agonist  and  anticholinergic  agents  are  to  be 
given.  A  target  oxygen  saturation  above  90  %  with 
consideration  for  invasive  mechanical  ventilation 
in  those  who  are  in  impending  respiratory  failure. 
A  partial  pressure  of  carbon  dioxide  within  the 
normal  range  of  36-40  on  an  arterial  blood  gas  can 
be  a  early  sign  of  imment  respiratory  failure  in  the 
gravid  patient.  Intravenous  steroids  also  have  to  be 
instituted.  Care  should  be  taken  during  mechanical 
ventilation  to  avoid  a  short  expiratory  time  that  can 
cause  auto  peep  [16].  Intravenous  magnesium  sul¬ 
fate  may  be  beneficial  in  acute  severe  asthma  in 
addition  to  bronchodilators  especially  in  patients 
with  coexistent  hypertension  or  preterm  uterine 
contractions  [16,  17]. 

Large  airway  obstruction  mostly  arises  due  to  a 
difficult  intubation  and  the  incidence  is  anywhere 
between  0.4  and  5.5  %.  Intubation  may  be  difficult 
during  pregnancy  and  the  peripartum  period  due  to 
upper  airway  edema,  pharyngeal  mucosal  friabil¬ 
ity  and  diminished  airway  caliber,  especially  late 
in  pregnancy.  The  gravid  patient  especially  third 
trimester,  should  be  considered  a  difficult  airway 
patient  with  high  risk  of  aspiration  and  decreased 
oxygen  reserve.  Other  causes  of  airway  obstruc¬ 
tion  such  as  tumors,  hematoma  and  laryngeal 
edema  are  rarely  encountered  [18,  19]. 

Obstructive  Sleep  Apnea  in  Pregnancy 

Increased  upper  airway  resistance  may  occur  in 
pregnancy  as  a  result  of  pharyngeal  edema  and 
increased  pharyngeal  tone  could  potentially 
worsen  OSA  in  pregnant  women.  Incidence  of 


OS  A  is  estimated  to  be  between  8.4  %  in  the  first 
trimester  and  19.7%  in  the  third  trimester  [20]. 
Maternal  risks  include  increased  morbidity  from 
conditions  that  have  been  associated  with  OSA 
and  underlying  obesity  such  as  preeclampsia, 
eclampsia,  gestational  hypertension,  cardiomy¬ 
opathy  and  gestational  diabetes  [21].  These 
patients  are  at  higher  risk  for  hypoxemia  during 
labor,  and  continuous  monitoring  is  necessary. 
CPAP  therapy  remains  the  first  line  of  therapy 
and  women  are  instructed  to  bring  in  their  device 
when  they  come  during  labor. 

Pulmonary  Infections  in  Pregnancy 
Viral  Pneumonia 

Varicella  and  influenza  are  the  most  common 
pathogens  associated  with  viral  pneumonia  in 
pregnancy  [22]. 

Estimated  mortality  rate  amongst  the  H1N1 
pandemic  ranged  from  12.5  to  42.1  %  [23].  The 
risk  of  hospitalization  is  highest  in  the  third  tri¬ 
mester.  Mortality  related  to  influenza  is  mostly 
due  to  secondary  bacterial  pneumonia,  although 
the  2009  H1N1  pandemic  differed  in  this  aspect 
with  more  patients  dying  primarily  from  the 
effects  of  H1N1  virus.  The  most  commonly 
implicated  pathogens  are  S.  pneumonia  and 
Staphylococcus  aureus  followed  by  H.  influenza 
and  it  is  reasonable  to  start  empiric  antibacterial 
agents  at  the  time  of  presentation  [24] . 

Bacterial  Pneumonia 

Streptococcus  pneumonia  followed  by  Hemophilus 
Influenza  are  the  most  commonly  encountered 
agents  [22].  Some  of  the  risk  factors  for  pneumo¬ 
nia  in  pregnancy  include  anemia,  asthma,  antepar¬ 
tum  corticosteroids  given  to  enhance  fetal  lung 
maturity,  and  the  use  of  tocolytic  agents  to  induce 
labor  [25]. 

Oxygen  supplementation  is  necessary  with  a 
goal  of  keeping  the  partial  pressure  of  oxygen 
above  70  mmHg.  The  penicillins,  cephalospo¬ 
rins,  and  macrolides  are  considered  safe  to  use  in 
pregnancy  [22].  A  history  of  contact  with  farm 
animals  should  raise  suspicion  for  Q  fever  and 
therapy  with  macrolides  is  preferred  [26] . 
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Neuromuscular  Diseases  and  Central 
Causes 

Central  causes  of  respiratory  failure  such  as 
drugs,  tumors,  hemorrhage,  and  infection  should 
be  treated  for  in  a  similar  manner  as  the  general 
population  with  treatment  of  the  underlying 
cause  and  mechanical  ventilation  if  necessary. 
Conditions  such  as  kyphoscoliosis  may  precipi¬ 
tate  hypercapnic  respiratory  failure  in  pregnancy 
[27].  These  patients  should  be  closely  monitored 
with  arterial  blood  gasses,  vital  capacity  and 
maximal  and  minimal  inspiratory  pressures  [28]. 

Magnesium  sulfate  which  is  used  as  a  toco¬ 
lytic  and  to  prevent  seizures  in  pre-eclampsia  can 
cause  respiratory  depression  at  levels  greater  than 
12,  and  respiratory  arrest  at  levels  of  16-18. 

Careful  monitoring  of  magnesium  sulfate  dos¬ 
ing  and  infusion  rates  and  monitoring  maternal 
deep  tendon  reflexes  and  urine  output  with  serum 
magnesium  levels  with  precise  infusion  rates  is 
necessary. 

Pneumothorax  in  Pregnancy 

Pneumothorax  may  occur  because  of  hypereme¬ 
sis,  pushing  efforts  in  labor,  underlying  lung  dis¬ 
ease,  and  without  obvious  precipitating  cause 
[29].  Hamman’s  syndrome  of  intrapartum  subcu¬ 
taneous  emphysema,  pneumomediastinum,  or 
pneumothorax  results  from  the  forceful  “push¬ 
ing”  efforts  during  labor  and  about  200  cases 
have  been  reported  worldwide  before  [30].  The 
clinical  presentation  is  usually  chest  pain  with 
breathlessness  and  presence  of  crackles  or 
‘Hamman’s  sign  ‘in  the  left  lateral  decubitus 
position  in  systole.  Most  cases  resolve  spontane¬ 
ously,  but  emergent  chest  tube  placement  might 
be  required  in  some  cases. 

Pulmonary  Embolism  in  Pregnancy 

Embolic  events  rank  among  the  major  causes  of 
maternal  mortality  in  modern  obstetrics.  Risk 
factors  include  venous  stasis,  advanced  age, 


sepsis,  obesity  and  cesarean  section.  Hypoxemia 
is  common.  With  massive  embolism,  circulatory 
failure  is  more  prominent.  Diagnosis  is  made  by 
compression  ultrasonography  and  if  negative 
they  will  need  perfusion  study.  If  the  diagnosis  of 
PE  is  strongly  considered,  then  treatment  with 
unfractionated  heparin  should  be  started  immedi¬ 
ately  unless  a  high  risk  or  contraindication  is 
present  for  the  use  of  any  anticoagulants. 

Unfractionated  heparin  and  low-molecular 
weight  heparin  are  safe  to  use  during  pregnancy 
because  they  do  not  cross  the  placenta.  TPA  has 
also  been  used  during  pregnancy  although  there 
are  no  controlled  trials  [31,  32]. 

Cystic  Fibrosis 

Cystic  fibrosis  is  the  most  common  congenital 
pulmonary  disease  encountered  during  preg¬ 
nancy.  It  is  a  restrictive  and  obstructive  disorder, 
with  a  predisposition  to  infection.  Bronchodilators 
and  chest  physiotherapy  should  be  recommended, 
and  chest  infections  should  be  treated  aggres¬ 
sively  [33]. 

Evidence  Contour 

The  critically  ill  pregnant  patient  requires  a  mul¬ 
tidisciplinary  approach  and  early  inclusion  of 
obstetrical  expertise  is  paramount  in  managing 
these  patients  especially  in  the  third  trimester. 

Ventilation  Strategies  in  the  Pregnant 
Patient 

Challenges 

Pregnant  women  have  hypocapnia  due  to  hyper¬ 
ventilation  at  baseline.  Thus,  the  arterial  carbon 
dioxide  tension  (PaC02)  tends  to  be  lower  in  a 
pregnant  woman,  and  a  normal  PaC02  is  a  sign  of 
impending  respiratory  failure.  Intubation  may  be 
difficult  during  pregnancy  and  the  peripartum 
period  due  to  upper  airway  edema  and  diminished 
airway  caliber,  especially  late  in  pregnancy. 
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Goals  of  Ventilation 

The  goal  is  to  rest  the  fatigued  respiratory  mus¬ 
cles  while  providing  suitable  gas  exchange. 
Respiratory  muscle  rest  involves  institution  of 
invasive  or  noninvasive  mechanical  support,  and 
the  ventilator  must  overcome  pressures  related  to 
airway  resistance  and  elastic  properties  of  the 
lung  to  allow  adequate  ventilation  and  gas 
exchange. 

Non-invasive  Ventilation 

A  trial  of  NIV  can  be  instituted  early  on  in 
patients  with  pulmonary  edema.  Favorable  out¬ 
comes  have  been  reported  in  case  reports  and 
series  [34]. 

Mechanical  Ventilation 

Low  tidal  ventilation  strategy  is  recommended 
[35].  PEEP  improves  oxygenation  and  should  be 
used  to  provide  a  Pa02  >  65  mmHg  while  admin¬ 
istering  the  least  Fi02.  The  target  PaC02  is 
30-32  mmHg  since  this  is  the  normal  level  dur¬ 
ing  pregnancy.  Marked  respiratory  alkalosis 
should  be  avoided  because  it  may  decrease  uter¬ 
ine  blood  flow.  Maternal  permissive  hypercapnia 
may  also  be  deleterious  to  the  fetus  because  of 
resultant  fetal  respiratory  acidosis  although  this 
mode  of  ventilation  has  been  used  safely  in  preg¬ 
nant  women  in  small  trials. 

Propofol  remains  the  first  choice  for  sedation 
in  these  patients  and  if  paralytics  are  clinically  of 
cisatracurium  would  be  the  preferred  agent  [36]. 

Extra  Corporeal  Membrane 
Oxygenation  (ECMO) 

This  technique  has  been  used  a  rescue  therapy  for 
refractory  ARDS  with  reported  maternal  and  fetal 
survival  rates  between  80%  and  70%,  respec¬ 
tively  [37,  38].  Most  of  the  published  literature  is 
from  the  2009  H1N1  influenza  pandemic.  Early 
institution  with  careful  patient  selection  and  judi¬ 
cial  management  of  anticoagulation  might 
improve  successful  outcomes  [38,  39]. 

Prone  Ventilation 

Use  of  prone  positioning  in  the  third  trimester  has 
not  been  widely  studied  however  case  reports 


have  appeared  in  the  literature  with  apparently 
acceptable  results.  As  in  other  severe  ARDS 
patients,  proning  requires  careful  attention  to 
inadvertent  decannulation  of  lines  or  extubation. 
The  pressure  points  especially  eyes  need  to  be 
protected  and  no  hyperextension  of  joints.  There 
needs  to  be  adequate  room  for  the  abdomen  to 
expand  passively.  This  can  be  achieved  by  the  use 
of  appropriately  sized  bolsters  at  chest  and  hip 
level  to  help  elevate  the  patient  above  the  mattress. 
This  also  allows  for  anterior  displacement  of 
uterus  off  of  the  inferior  vena  cava  which  is  neces¬ 
sary  for  adequate  venous  return  after  20  weeks 
gestation.  Close  monitoring  of  mother  and  fetus 
including  continuous  fetal  cardiotocography 
should  be  in  place  if  fetus  of  viable  age  [40,  41]. 

Delivery 

Delivery  of  the  fetus  can  improve  the  maternal 
condition  in  several  obstetrical  disease  states.  In 
ARDS,  it  appears  perhaps  to  improve  oxygen¬ 
ation  and  management  of  the  mother  but  does  not 
definitively  improve  maternal  survival  [35,  42]. 
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Case  Presentation 

A  36  year  old  primiparous  woman  at  32  weeks 
gestation  with  a  past  medical  history  of  morbid 
obesity  (BMI  is  43  kg/m2)  and  tobacco  use  pres¬ 
ents  to  Labor  and  Delivery  complaining  of  head¬ 
ache  and  abdominal  pain.  On  arrival  to  Labor  and 
Delivery  her  blood  pressure  is  160/92  mmHg,  her 
pulse  is  110  beats  per  minute  (bpm),  respirations 
are  20  breaths  per  minute  and  oxygen  saturation 
is  96  %  on  room  air.  She  feels  occasional  contrac¬ 
tions  but  denies  any  vaginal  bleeding  or  leakage 
of  fluid  and  appreciates  good  fetal  movement. 
Her  abdominal  pain  is  located  on  the  right  side 
under  her  ribcage,  and  she  has  had  nausea  and 
vomiting.  The  headache  woke  her  from  sleep;  she 
had  taken  acetaminophen  1000  mg  at  home  with 
no  relief.  On  physical  exam,  she  has  tenderness 
in  the  right  upper  quadrant  but  no  guarding  or 
rebound.  She  has  edema  in  her  face,  hands,  and 
lower  extremities.  Her  reflexes  are  +3/4  bilater¬ 
ally,  and  clonus  is  present.  A  repeat  blood  pres¬ 
sure  15  min  later  is  155/90  mmHg.  Fetal  heart 
tracing  shows  minimal  variability  and  a  baseline 
of  130  beats  per  minute.  Irregular  contractions 
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every  3-7  min  are  noted  on  tocometer.  She 
reports  that  her  headache  is  worse  with  accompa¬ 
nying  “spots”  in  her  vision.  Laboratory  tests 
including  complete  blood  count  and  urinalysis 
were  performed.  Her  protein/creatinine  ratio 
results  at  0.63,  platelets  are  90  K/uL,  hemoglobin 
is  10  mg/dL,  creatinine  is  1.2  mg/dL,  aspartate 
aminotransferase  (AST)  is  295  U/L  and  alanine 
aminotransferase  (ALT)  is  316  U/L.  A  bedside 
glucose  is  82  mg/dL. 

Question  What  initial  therapy  should  be  started 
in  this  patient? 

Answer  Magnesium  Sulfate 

This  patient  meets  criteria  for  preeclampsia 
with  severe  features,  and,  therefore,  her  initial 
treatment  should  be  intravenous  magnesium  sul¬ 
fate  for  seizure  prophylaxis.  A  6  g  bolus  of  intra¬ 
venous  magnesium  sulfate  over  30  min  and  then 
a  maintenance  dose  of  2  g/h  was  ordered. 
Betamethasone  12  mg  IM  was  given  for  fetal 
lung  maturity  development  and  a  second  dose 
was  ordered  for  24  h  later.  As  her  magnesium 
bolus  is  just  being  hung  she  appears  agitated  and 
begins  to  seize.  The  seizure  last  30  s  and  the  6  g 
magnesium  sulfate  bolus  is  given  over  the  next 
20  min.  Fetal  monitoring  demonstrates  fetal  heart 
rate  deceleration  down  to  60  bpm  lasting  4  min 
with  a  return  to  baseline  at  120  bpm  and  minimal 
variability.  She  has  no  past  medical  history  of 
seizures. 
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Question  What  is  the  diagnosis? 

Answer  Eclampsia 

Eclampsia  is  diagnosed  in  a  pregnant  patient 
with  new  onset  seizures  that  cannot  be  attributed 
to  another  cause  in  patients  with  hypertension  or 
other  signs  or  symptoms  of  preeclampsia. 
Magnesium  sulfate  remains  the  treatment  of 
choice  and  has  been  shown  to  decrease  the  risk  of 
seizure  reoccurrence  compared  to  other  anticon¬ 
vulsants  [1].  Magnesium  sulfate  is  continued  and 
on  postictal  exam,  the  patient  appears  lethargic 
but  responsive.  With  the  diagnosis  of  eclampsia, 
the  decision  is  made  to  move  toward  delivery.  On 
cervical  exam,  her  cervix  is  long,  thick  and  closed, 
and  the  fetus  is  breech  on  bedside  ultrasound.  The 
decision  is  made  to  proceed  with  cesarean  deliv¬ 
ery  secondary  to  breech  presentation  of  the  fetus. 
She  is  still  complaining  of  headache  and  spots  in 
her  vision  and  blood  pressure  is  170/113.  A  repeat 
blood  pressure  15  min  later  is  185/109. 

Question  While  continuing  to  prepare  for  deliv¬ 
ery,  what  is  the  next  step  in  the  management  of 
this  patient? 

Answer  Antihypertensive  rescue  therapy 

Since  she  has  had  two  severe-range  blood  pres¬ 
sures  (greater  than  160  mmHg  diastolic  or 
110  mmHg  diastolic)  15  min  apart  and  antihyper¬ 
tensive  therapy  should  be  given  to  reduce  the  risk 
of  cerebral  hemorrhage  and  stroke  [2,  3].  She  is 
given  Labetalol  20  mg  IV  slow-push  over  2  min.  A 
repeat  blood  pressure  10  min  later  is  155/117  mmHg 
and  additional  40  mg  IV  labetalol  is  given  over 
2  min.  Ten  minutes  after  that  her  blood  pressure  is 
158/95  mmHg.  Coagulation  studies  are  sent  in 
preparation  for  delivery.  A  peripheral  smear,  hapto¬ 
globin  and  lactate  dehydrogenase  (LD)  levels  were 
sent  earlier  and  have  just  resulted:  Her  LD  level  is 
875 IU/L,  haptoglobin  is  20  mg/dL,  and  her  periph¬ 
eral  smear  shows  schistocytes. 

Question  What  additional  diagnosis  is  made  in 
light  of  these  laboratory  findings? 

Answer  HELLP  syndrome 


“HELLP”  (Hemolysis,  Elevated  Liver  Enzymes 
and  Low  Platelets)  syndrome  is  characterized  by 
microangiopathic  hemolytic  anemia  (diagnosed 
by  the  presence  of  schistocytes  on  peripheral 
smear,  anemia,  lactate  dehydrogenase  grater  than 
600  U/L  and  haptoglobin  less  than  or  equal  to 
25  mg/dL),  thrombocytopenia  (platelets  less  than 
100,000),  and  abnormal  liver  function  (elevated 
transaminase  levels)  in  a  pregnant  patient  usually 
occurring  in  the  setting  of  preeclampsia/eclamp¬ 
sia  [4].  HELLP  syndrome  is  progressive  and  can 
cause  significant  maternal  and  fetal  morbidity  and 
mortality.  Delivery  is  recommended  if  HELLP 
syndrome  is  diagnosed  after  34  weeks  gestational 
age  or  sooner  if  there  is  disseminated  intravascu¬ 
lar  coagulation,  liver  hemorrhage  or  infarction, 
pulmonary  edema,  renal  failure,  placental  abrup¬ 
tion,  non-reassuring  fetal  status,  eclampsia  or 
other  preeclampsia  with  severe  features  where 
expectant  management  is  contraindicated  such  as 
uncontrolled  severe  hypertension  [2,  5].  Antenatal 
steroids  such  as  dexamethasone  given  in  HELLP 
have  not  been  shown  to  improve  maternal  out¬ 
comes  [2,  6].  Our  patient’s  coagulation  studies 
resulted  with  fibrinogen  level  of  99  mg/dL,  inter¬ 
national  normalized  ration  (INR)  of  2.1  and  acti¬ 
vated  partial  thromboplastin  time  (APTT)  of  68  s. 
On  the  way  to  the  operating  room  she  begins  to 
have  moderate  vaginal  bleeding.  She  is  now 
complaining  of  severe  diffuse  abdominal  pain 
and  recurrent  late  decelerations  are  seen  on  fetal 
monitoring. 

Question  What  new  clinical  diagnosis  is  now 
suspected  in  this  patient? 

Answer  Placental  Abruption. 

Placental  abruption  occurs  when  the  placenta 
prematurely  separates  from  the  uterus  causing 
bleeding  and  fetal  compromise  from  blood  loss  at 
the  maternal-fetal  interface.  Placental  abruption 
can  lead  to  maternal  disseminated  intravascular 
coagulation  and  fetal  demise.  Placental  abruption 
is  a  known  complication  of  HELLP  syndrome  and 
has  a  strong  association  with  development  of  dis¬ 
seminated  intravascular  coagulation  (DIC)  [4]. 
The  clinical  presentation  of  placental  abruption  is 
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abdominal  pain  and  vaginal  bleeding  after  20 
weeks  gestation  and  fetal  compromise  [7].  Our 
patient  is  typed  and  crossed  for  six  units  of  packed 
red  blood  cells,  two  units  of  platelets  and  two  units 
of  fresh  frozen  plasma.  A  Foley  urinary  catheter, 
an  arterial  line  and  a  second  large  bore  IV  site  are 
placed  and  one  unit  of  fresh  frozen  plasma  is 
administered.  She  is  placed  under  general  anesthe¬ 
sia  and  cesarean  section  is  performed.  A  1217  g 
male  fetus  is  delivered  with  APGARs  of  5  and  6. 
Estimated  blood  loss  during  the  surgery  is  3.5  1. 
She  receives  one  unit  of  packed  red  blood  cells  and 
2  units  of  fresh  frozen  plasma  intra-operatively.  In 
recovery  her  blood  pressure  is  155/97,  heart  rate  is 
110  bpm,  oxygenation  is  96%  on  room  air  and 
respiratory  rate  is  16  breaths  per  minute.  Her  latest 
laboratory  values  show  fibrinogen  of  150  mg/dL, 
INR  of  1.5,  platelets  of  70  K/uL  and  hemoglobin 
of  8.0  mg/dL.  Magnesium  sulfate  is  continued  for 
seizure  prophylaxis  for  24  h  postpartum.  She 
recovers  well  over  the  next  few  days,  her  labora¬ 
tory  values  and  blood  pressures  improve  and  she  is 
discharged  from  the  hospital  in  stable  condition  on 
post-operative  day  number  four. 

Principles  of  Management 
Diagnosis 

Diagnosis  of  preeclampsia  is  made  when  a  patient 
has  significant  proteinuria  of  greater  than  300  mg 
of  protein  in  a  24  h  urine  collection  or  a  protein/ 
creatinine  ratio  of  0.3  mg/dL  and  blood  pressure 
measurements  of  greater  than  140  mmHg  sys¬ 
tolic  or  90  mmHg  diastolic  on  two  instances  4  h. 
Preeclampsia  with  severe  features  is  diagnosed 
when  at  least  one  of  the  following  criteria  is  met: 

•  Blood  pressure  measurements  of  greater  than 
or  equal  to  160  mmHg  systolic  or  110  mmHg 
diastolic  on  two  occasions 

•  Thrombocytopenia  with  platelet  count  less 
than  100  K/uL 

•  Impaired  liver  function  as  indicated  by  AST  or 
ALT  to  twice  their  normal  concentration, 
severe  persistent  right  upper  quadrant  pain  or 
epigastric  pain  unresponsive  to  medication  and 
not  accounted  for  by  alternative  diagnosis 


•  Progressive  renal  insufficiency  as  indicated  by 
serum  creatinine  of  greater  than  1.1  mg/dL  or 
doubling  of  the  serum  creatinine  in  the  absence 
of  renal  disease. 

•  Pulmonary  edema 

•  New-onset  cerebral  or  visual  disturbances 
including  worsening  headache  not  relieved  with 
medication  or  accounted  for  by  alternative  diag¬ 
nosis  and  new  onset  seizures  (eclampsia)  [2]. 

Additional  signs  and  symptoms  of  preeclamp¬ 
sia  include  systemic  edema  (hands,  face,  lower 
extremities),  rapid  weight  gain,  hyperreflexia, 
oliguria  or  anuria,  fetal  growth  restriction,  nausea 
and  vomiting,  chest  pain  and  shortness  of  breath. 
In  severe  preeclampsia  systemic  endothelial  dys¬ 
function  leads  to  end-organ  damage  secondary  to 
inadequate  vascular  perfusion.  Untreated,  severe 
preeclampsia  can  lead  coagulopathy,  multi-organ 
failure  and  death  [7] . 

Eclampsia  is  the  development  of  new  onset 
seizures  that  cannot  be  attributed  to  another  cause 
occurring  after  20  weeks  gestation,  usually  in  the 
setting  of  hypertension  and  proteinuria. 

HELLP  Syndrome  (Hemolysis,  Elevated  Liver 
enzymes  and  Low  Platelets)  is  diagnosed  in  a  preg¬ 
nant  patient  after  20  weeks  gestation  with  evidence 
of  hemolysis  from  microangiopathic  anemia 
(schistocytes  on  peripheral  smear,  anemia,  lactate 
dehydrogenase  greater  than  600  U/L,  total  bilirubin 
greater  than  1 .2  mg/dL),  thrombocytopenia  (plate¬ 
lets  less  than  100  K  U/L  and  elevated  liver  trans¬ 
aminases  to  at  least  twice  their  normal  level  often 
in  the  setting  of  preeclampsia,  although  hyperten¬ 
sion  and  proteinuria  do  not  always  occur  [8]. 

Preeclampsia,  Eclampsia  and  HELLP  are  all 
considered  part  of  the  same  disease  spectrum  that 
carries  high  rate  of  maternal  and  fetal  morbidity 
and  mortality.  These  are  progressive  conditions 
that  warrant  prompt  evaluation  and  management. 
The  primary  disease  process  in  these  states  is 
endothelial  dysfunction  and  vasospasm.  Thus  can 
affect  many  organ  systems  in  the  body: 

•  Neurological:  Cerebral  edema,  vascular 
occlusion,  and  cerebral  hemorrhage  have 
all  been  associated  preeclampsia.  Cerebral 
manifestations  include  scotomata,  blindness, 
headache,  tinnitus,  dizziness,  fever,  mental 
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confusion  and  seizure.  Hyperreflexia  of  deep 
tendon  reflexes  and  clonus  may  be  present. 

•  Cardiovascular:  Hypertension,  cardiomyop¬ 
athy,  heart  failure 

•  Pulmonary:  Pulmonary  edema,  aspiration 
from  eclamptic  seizure 

•  Hematologic:  Disseminated  Intravascular 
Coagulation,  intravascular  volume  depletion, 
third  spacing  of  fluid  manifesting  as  edema  of 
the  face  and  extremities 

•  Gastrointestinal:  Liver  enlargement,  liver 
capsule  edema,  intrahepatic  hemorrhage, 
infarction.  Aspartate  aminotransferase  (AST) 
and  alanine  aminotransferase  may  be  elevated. 
Liver  capsule  rupture  can  occur  and  has  an 
extremely  high  mortality  rate. 

•  Renal:  proteinuria,  renal  failure,  oliguria, 
anuria,  rhabdomyolysis  from  eclamptic  seizure 

•  Fetal:  Placental  insufficiency,  fetal  demise, 
placental  abruption  [7] 

Seizure  Prophylaxis 

Magnesium  sulfate  is  first  line  therapy  for  seizure 
prophylaxis  in  patients  with  preeclampsia  [2,  7]. 
Magnesium  sulfate  is  a  calcium  channel  blocker 
and  smooth  muscle  antagonist;  it  also  depresses 
central  nervous  system  irritability.  The  initial 
dose  for  seizure  prophylaxis  is  intravenous  bolus 
of  4  or  6  g  over  15-30  min  followed  by  a  mainte¬ 
nance  dose  of  2  g/h  IV.  Magnesium  is  renally 
cleared.  In  worsening  renal  function,  magnesium 
levels  should  be  drawn  to  titrate  magnesium  dose 
and  the  patient  frequently  checked  for  signs  of 
magnesium  toxicity  (loss  of  deep  tendon  reflexes 
and  respiratory  depression).  If  magnesium  toxic¬ 
ity  occurs,  calcium  gluconate  is  the  first  line 
agent  to  reverse  this  complication.  Magnesium 
should  be  continued  at  2  g/h  until  12-24  h  post¬ 
partum,  or  until  diuresis  has  occurred  [7]. 

Treatment  of  Eclamptic  Seizure 

An  actively  seizing  eclamptic  patient  should  be 
placed  in  the  left  lateral  recumbent  position,  given 
oxygen  as  needed  and  oral  secretions  should  be 
suctioned  to  prevent  aspiration.  Magnesium 
sulfate  is  the  treatment  of  choice  for  eclamptic 


seizures  [1,  2,  9].  If  seizures  reoccur  and  magne¬ 
sium  is  already  being  given  a  second  IV  bolus  of 
2  g  of  magnesium  can  be  given  over  3-5  min.  If 
this  does  not  work,  other  anticonvulsants  such  as 
diazepam  or  lorazepam  should  be  given  [7,  9, 10]. 

Antenatal  Steroids  and  Delivery 

Delivery  is  the  definitive  treatment  for  preeclamp¬ 
sia,  eclampsia  and  HELLP  syndrome  although  it 
can  take  a  few  days  after  delivery  for  the  disease 
process  to  resolve  fully.  Additionally,  postpartum 
preeclampsia  and  eclampsia  can  still  develop 
weeks  after  delivery.  Delivery  is  indicated  when 
there  are  signs  of  maternal  and/or  fetal  compro¬ 
mise.  Delivery  should  occur  after  maternal  stabi¬ 
lization  in  the  setting  of  eclampsia  or 
cardiovascular  and/or  hemodynamic  instability  if 
possible.  In  patients  with  preeclampsia  without 
severe  features  delivery  can  be  delayed  until  37 
weeks  gestation.  In  patients  with  preeclampsia 
with  severe  features  greater  than  34  weeks  gesta¬ 
tion  delivery  should  not  be  delayed.  In  patients 
with  preeclampsia  with  severe  features  before  34 
weeks  gestation  delivery  should  be  delayed  if  pos¬ 
sible  until  antenatal  steroids  are  administered,  and 
steroid  benefit  is  achieved.  In  cases  of  unstable 
maternal  or  fetal  conditions,  this  may  not  be  pos¬ 
sible.  Cesarean  section  should  be  reserved  for  the 
usual  obstetric  indications  but  induction  of  labor 
should  be  carried  out  as  swiftly  as  possible  [2].  In 
patients  with  suspected  liver  hematoma  cesarean 
section  is  indicated  if  vaginal  delivery  is  not 
imminent  as  subcapsular  liver  hematomas  are  at 
risk  of  rupturing  and  this  complication  has  a  very 
high  maternal  and  fetal  mortality  rate  [11]. 

Anti-hypertensive  Therapy 

The  use  of  anti-hypertensive  therapy  in  a  pre¬ 
eclamptic  patient  should  be  limited  to  preventing 
maternal  intracranial  bleeding  or  stroke.  The  risk 
of  intracranial  hemorrhage  and  stroke  is  increased 
when  maternal  blood  pressures  are  above 
160  mmHg  diastolic  and  110  mmHg  systolic. 
There  is  no  proven  fetal  benefit  to  lowering  blood 
pressures  lower  than  this  cut  off  in  preeclamptic 
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patients  and  no  evidence  that  lower  maternal  blood 
pressure  will  decrease  the  risk  of  seizure.  Lowering 
maternal  blood  pressure  too  aggressively  could 
potentially  lead  to  decreased  placental  perfusion 
and  fetal  compromise.  Antihypertensive  therapy 
should  be  initiated  when  two  blood  pressures 
taken  15  min  apart  are  greater  than  160  mmHg 
diastolic  or  110  mmHg  diastolic.  First  line  antihy¬ 
pertensive  treatment  in  pregnancy  includes  intra¬ 
venous  labetalol  or  hydralazine  or  oral  nifedipine 
[2,  3,  7].  Labetalol  is  more  commonly  used  since 
hydralazine  can  cause  precipitous  decreases  in 
blood  pressure  in  those  patients  who  are  volume 
depleted  as  often  seen  in  preeclamptic  patients. 
Nifedipine  is  a  calcium  channel  blocker  and  cau¬ 
tion  is  advised  when  using  this  medication  concur¬ 
rently  with  magnesium  sulfate.  Labetalol  is  given 
starting  at  20  mg  IV  push  over  two  minutes.  The 
dose  is  increased  to  40  mg,  then  80  mg  every 
10  min  if  blood  pressure  has  not  improved  to  less 
than  160  mmHg  systolic  or  110  mmHg  diastolic. 
If  blood  pressure  is  still  not  lowered  after  80  mg 
labetalol,  hydralazine  10  mg  IV  push  over  2  min 
can  be  given.  Alternatively  antihypertensive  ther¬ 
apy  can  be  initiated  with  hydralazine  5-10  mg  IV 
push  over  2  min  and  repeated  in  10  min  if  blood 
pressure  is  still  not  controlled.  After  two  doses  of 
hydralazine  have  not  shown  to  control  blood  pres¬ 
sure,  therapy  with  labetalol  should  be  initiated.  If 
these  regimens  are  unable  to  control  blood  pres¬ 
sure,  further  management  should  be  decided  upon 
per  maternal-fetal  medicine  or  critical  care  spe¬ 
cialist  [2].  Sodium  nitroprusside  is  not  often  used 
but  may  be  considered  in  a  hypertensive  emer¬ 
gency  if  other  medications  fail.  Diuretics  should 
only  be  used  to  treat  pulmonary  edema  in  a  preg¬ 
nant  preeclamptic  patient.  These  patients  are  often 
intravascularly  depleted,  and  diuretics  are  not  rec¬ 
ommended  for  blood  pressure  management  [9]. 

Treatment  of  DIC 

Disseminated  intravascular  coagulation  (DIC) 
occurs  in  up  to  10%  of  patients  with  severe  pre¬ 
eclampsia  [7]  and  can  present  with  severe  bleed¬ 
ing,  shock,  hemoptysis,  dyspnea  and  acute  renal 
failure.  The  diagnosis  is  made  with  clinical  pre¬ 
sentation  as  well  as  laboratory  findings  consistent 


with  coagulopathy  such  as  low  fibrinogen,  throm¬ 
bocytopenia,  prolonged  PT,  prolonged  APTT  and 
elevated  INR.  Large  bore  intravenous  access 
should  be  achieved.  An  arterial  line  should  be  con¬ 
sidered  for  close  monitoring.  Fluid  and  product 
resuscitation  should  be  begun.  Most  hospitals  have 
a  Massive  Transfusion  Protocol  and  this  should  be 
initiated.  As  in  all  cases  of  DIC,  the  underlying 
cause  should  be  treated  and  in  the  pregnant  patient 
with  severe  preeclampsia,  eclampsia  or  HELLP 
definitive  treatment  is  delivery.  Cesarean  delivery 
is  preferred  in  a  patient  with  hemodynamic  insta¬ 
bility  and  worsening  DIC  despite  blood  product 
replacement.  An  attempt  should  be  made  to 
improve  clotting  ability  before  surgery  if  possible. 
Surgeons  with  the  experience  to  perform  cesarean 
hysterectomy  and  manage  intrapartum  hemor¬ 
rhage  should  attend  the  delivery.  The  patient 
should  be  cared  for  in  the  critical  care  unit  postpar¬ 
tum  with  blood  product  replacement  and  hemody¬ 
namic  monitoring  as  needed  [12]. 


Evidence  Contour 

Magnesium  Sulfate  Therapy 

Magnesium  sulfate  is  the  cornerstone  of  seizure 
prevention  and  treatment  in  patients  with  severe 
preeclampsia,  eclampsia  and  HELLP  syndrome. 
The  Magpie  Trial  published  in  2002  randomized 
10,000  women  with  preeclampsia  to  magnesium 
or  placebo  for  prevention  of  eclampsia  and  dem¬ 
onstrated  that  the  women  who  received  magne¬ 
sium  had  a  58%  lower  risk  of  seizure.  The 
Collaborative  Eclampsia  Trial  reported  in  the 
Lancet  in  2003  an  international  multicenter  trial 
comparing  magnesium  sulfate  and  diazepam  and 
magnesium  sulfate  and  phenytoin  for  the  anticon¬ 
vulsant  treatment  of  eclampsia.  Magnesium  sul¬ 
fate  reduced  the  rate  of  recurrent  seizure  by 
greater  than  50%  in  this  study  [13]. 

Invasive  Monitoring 

The  preeclamptic  patient  with  refractory  oliguria 
or  anuria  and  pulmonary  edema  is  a  candidate 
for  invasive  monitoring.  Invasive  monitoring  can 
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help  determine  the  underlying  etiology  of  the  pul¬ 
monary  edema  and,  therefore,  guide  treatment.  A 
study  of  eight  preeclamptic  patients  with  severe 
preeclampsia  and  pulmonary  edema  postpartum 
monitored  with  pulmonary  artery  Swan-Ganz 
catheters  showed  that  the  etiology  of  the  pulmo¬ 
nary  edema  is  not  the  same  for  every  preeclamptic 
patient:  five  patients  had  changes  in  colloid 
oncotic  pressure,  three  patients  had  pulmonary 
capillary  leak,  two  had  left  ventricular  failure,  and 
in  three  of  the  patients  central  venous  pressure 
was  significantly  lower  than  simultaneously 
obtained  pulmonary  capillary  wedge  pressure 
[14].  A  Cochrane  review  of  pulmonary  artery 
catheter  use  in  pregnant  women  showed  there  are 
no  randomized  controlled  trials  of  monitoring 
preeclamptic  women  with  pulmonary  artery  cath¬ 
eters;  further  studies  are  needed  and  no  firm  rec¬ 
ommendation  can  be  made  to  use  this  form  of 
monitoring  over  central  venous  monitoring  [15]. 

Dexamethasone  Therapy  in  HELLP 
Syndrome 

Dexamethasone  was  used  in  the  past  for  treat¬ 
ment  of  HELLP  but  a  Cochrane  review  in  2010 
showed  that  this  therapy  did  significantly  improve 
platelet  counts  in  patients  with  HELLP  syndrome 
but  did  not  improve  maternal  outcomes  or  perina¬ 
tal  mortality  [6].  The  American  College  of 
Obstetricians  and  Gynecologist  states  in  their 
task  force  statement  on  hypertension  and  preg¬ 
nancy  that  dexamethasone  therapy  in  patients 
with  HELLP  syndrome  may  be  justified  in  situa¬ 
tions  where  platelet  improvement  could  be  clini¬ 
cally  valuable  [2] . 

Differentiation  from  Acute  Fatty  Liver 
of  Pregnancy  (AFLP) 

It  is  often  difficult  to  distinguish  ALLP  from  Pre¬ 
eclampsia  with  HELLP  syndrome  as  it  carries 
similar  symptoms  and  laboratory  findings. 
Symptoms  include  persistent  nausea,  vomiting 
and  epigastric  pain  which  are  features  of  both 
diseases  [16-20].  Laboratory  findings  include 


liver  function  abnormalities,  elevated  creatinine, 
coagulopathies  and  hypoglycemia.  Some  distin¬ 
guishing  features  may  be  a  higher  level  of  biliru¬ 
bin  possibly  causing  jaundice,  higher  levels  of 
creatinine  contributing  to  renal  failure  with  pos¬ 
sible  need  for  dialysis  and  higher  levels  of  uric 
acid  and  neutrophils  [17,  18,  20].  In  contrast  to 
HELLP  coagulopathies,  ALLP  causes  prolonga¬ 
tion  in  prothrombin  time,  this  is  thought  to  be 
secondary  to  increased  consumption  and 
decreased  production  by  the  hepatocytes,  and  is 
associated  with  thrombocytopenia  often  <50,000 
and  a  hypofibrinogenemia  [20,  21].  ALLP  also 
causes  acidosis  and  hypoglycemia  which  are 
uncommon  in  HELLP  syndrome.  Laboratory  val¬ 
ues  should  reach  their  nadir  2  days  postpartum 
while  clinical  improvement  may  not  be  until 
postpartum  day  3-4,  and  return  to  normal  values 
may  take  as  long  as  6-21  days  [20].  Some  more 
severe  complications  of  ALLP  include  pancreati¬ 
tis,  acute  renal  failure,  disseminated  intravascular 
coagulopathy  (DIC),  gastrointestinal  bleeding, 
pulmonary  edema,  encephalopathy,  diabetes 
insipidus  [22]  and  intractable  hypoglycemia  [16, 
18].  Most  common  period  for  the  diagnosis  of 
ALLP  is  during  the  third  trimester. 
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Case  Presentation 

A  24  year  old  man  with  a  medical  history  signifi¬ 
cant  for  epilepsy,  treated  for  years  with  levetirace- 
tam,  who  had  lamotrigine  added  to  his  medication 
regimen.  He  presents  3  weeks  afterwards  with  a 
5 -day  history  of  a  tingling  erythematous  rash  on 
both  palms,  that  spread  to  involve  his  face,  neck, 
chest,  abdomen,  back,  upper  and  lower  extremi¬ 
ties  over  the  next  4  days.  Within  1  day  of  devel¬ 
oping  the  palmar  rash,  he  developed  sore  throat, 
oral  pain,  and  widespread  ulcerations  of  the  lips 
and  oral  mucosa,  as  well  as  fever  and  generalized 
fatigue.  He  also  developed  an  ulceration  of  the 
urethral  meatus  with  significant  dysuria. 

His  examination  revealed  multiple,  scattered 
5-15  mm  erythematous  macules  with  dusky  pur¬ 
ple  centers,  some  of  which  had  a  targetoid 
appearance  involving  the  face,  trunk,  limbs, 
hands,  penile  shaft  and  the  peri-inguinal  areas. 

The  lips  were  cracked  and  dry  with  wide¬ 
spread  erythematous  erosions  involving  the 
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buccal  mucosa,  soft  and  hard  palate,  and  beneath 
the  tongue.  There  was  a  discrete  erythematous 
erosion  of  the  glans  penis  extending  into  the  ure¬ 
thral  meatus  (Fig.  91.1). 

Question  What  is  the  most  likely  diagnosis  for 
this  patient’s  skin  eruption? 

Answer  Stevens- Johnson  syndrome 

Stevens-Johnson  syndrome  and  the  more 
severe  toxic  epidermal  necrolysis  (TEN)  encom¬ 
pass  a  spectrum  of  potentially  life  threatening 
cutaneous  diseases  with  systemic  manifesta¬ 
tions  [1].  It  presents  typically  with  a  prodrome 
of  fever,  anorexia,  pharyngitis  and  headaches, 
followed  by  extensive  detachment  of  the  epi¬ 
dermis,  in  a  widespread  erythematous  or  conflu¬ 
ent  purpuric  macules  or  atypical  flat  targetoid 
lesions,  which  evolve  into  vesicles  or  bullae. 
Skin  sloughing  follows,  and  can  occur  in  sheets 
during  the  acute  phase.  Lateral  pressure  on  the 
skin  can  produce  sloughing  of  the  epidermis  and 
exposure  of  the  dermis,  known  as  Nikolsky  sign, 
characteristic  of  the  syndrome  but  seen  in  other 
severe  skin  eruptions. 

Mucosal  involvement  is  almost  universal, 
occurring  in  more  than  95%  of  cases  of  SJS/ 
TEN,  and  usually  precedes  the  skin  manifesta¬ 
tions  by  a  few  days.  It  is  characterized  by  painful, 
hemorrhagic  erosions  that  can  be  widespread  and 
commonly  involve  the  eyes,  oropharyngeal,  anal 
and  genital  mucosae.  Ulcers  and  crusts  form  on 
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Fig.  91.1  (a,  b)  Large  loose  flaccid  bullae  which  quickly 
desquamate  leaving  behind  moist  erosions.  Nikolsky  sign 
was  positive  with  gentle  pressure  on  non-bullous  skin 
causing  sloughing.  Asboe-Hansen  sign  was  positive  with 

the  affected  mucosal  sites  and  can  result  in  bleed¬ 
ing  or  infection. 

Ocular  involvement  occurs  in  more  than  60  % 
of  SJS/TEN  cases,  and  can  range  from  mild  con¬ 
junctivitis,  to  the  more  severe  membranous  or 
pseudomembranous  conjunctivitis,  with  goblet 
cell  and  lachrymal  gland  loss  leading  to  altera¬ 
tions  in  the  amount  and  consistency  of  the  tear 
film,  with  resultant  photophobia,  eye  dryness  and 
severe  pain,  prompting  an  ophthalmologic  evalu¬ 
ation  early  in  the  course  of  the  disease  [2] . 

The  severity  of  the  SJS/TEN  syndrome  is 
based  on  the  percentage  of  epidermal  detachment 
of  the  body  surface  area  (BSA).  It  ranges  from  a 
BSAof  less  than  10%  in  SJS,  to  10-30%  of  BSA 
involvement  in  the  SJS/TEN  overlap,  to  more 
than  30  %  of  BSA  involved  in  TEN.  The  mortality 
can  range  from  9  %  for  SJS  to  48  %  for  TEN  [3]. 

It  remains  a  rare  disease,  with  an  incidence  of 
2-7  cases  per  million  per  year,  and  SJS  incidence 
is  almost  3  times  that  of  TEN  [4] .  It  can  affect 
virtually  any  age  group,  even  occurring  in  new¬ 
borns,  with  an  average  age  of  presentation  in  the 
sixth  decade.  It  is  more  prevalent  in  women  and 
the  elderly. 

The  SCORTEN  score  was  developed  to  predict 
the  risk  of  death  early  in  the  course  of  the  disease 
(Table  91.1).  It  contains  seven  clinical  criteria  and 
laboratory  values,  with  one  point  given  for  the 
worse  of  each  criterion,  and  a  maximal  score  of 
seven  predicting  the  expected  highest  mortality  [5]. 


gentle  pressure  on  bullae  causing  advancement  of  bullae. 
Both  indicate  epidermal  necrosis  and  are  sensitive  signs 
for  SJS/TEN 


Table  91 .1  Scorten  Score 


Clinical 

Score 

Age 

>40  years 

1 

BSA  involved3 

>10% 

1 

Malignancy 

yes 

1 

Tachycardia 

>120  BPM 

1 

BUN 

>27  mg/dLb 

1 

Serum  glucose 

>250  mg/dLc 

1 

Serum  bicarbonate 

<20  mEq/L 

1 

Total 

0-7 

A  SCORTEN  score  of  0-1  predicts  a  mortality  rate  is 
3.2%.  A  score  of  2  predicts  a  mortality  rate  of  12.2%,  a 
score  of  3  predicts  a  mortality  rate  of  35.3  %,  a  score  of  4 
predicts  a  mortality  rate  of  58.3  %,  and  a  score  of  >5  pre¬ 
dicts  a  mortality  rate  of  90.0  % 
aSkin  detachment  on  day  1 
b10  mmol/L 
c14  mmol/L 

In  most  instances,  SJS/TEN  is  caused  by 
drugs,  emphasizing  the  need  for  obtaining  a 
detailed  history  focusing  on  patterns  of  drug 
intake,  and  on  any  new  added  drugs  and  their 
association  with  the  onset  of  the  disease  [6]. 
Drugs  most  associated  with  SJS  include 
anti-infective  agents  such  as  nevirapine,  sulfon¬ 
amide  antibiotics,  allopurinol,  anti-epileptics 
such  as  carbamazepine,  lamotrigine,  phenytoin, 
phenobarbital,  cyclooxygenase  inhibitors  includ¬ 
ing  NSAIDs. 

Fewer  cases  of  SJS/TEN  are  due  to  infec¬ 
tions,  especially  Mycoplasma  pneumonia  [7]  or 
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viruses,  such  as  coxsakie,  Epstein-Barr,  human 
herpes  virus  6  and  7,  cytomegalovirus,  especially 
in  children  [8]. 

SJS,  and  more  commonly  TEN,  can  have  sys¬ 
temic  manifestations  by  involving  the  epithelial 
linings  of  internal  organs,  which  include  acute 
renal  failure  with  micro  albuminuria,  as  a  result 
of  glomerular  and  tubular  epithelial  involvement. 
Pulmonary  manifestations  such  as  adult  respira¬ 
tory  distress  syndrome,  bronchiolitis  obliterans 
and  infectious  pneumonitis,  can  lead  to  respi¬ 
ratory  failure  and  death  [9].  Gastrointestinal 
manifestations  present  with  oral  and  pharyngeal 
mucosal  lesions  that  can  evolve  into  painful  crusts 
from  ruptured  vesicles,  leading  to  dysphagia.  In 
the  severe  cases,  it  can  result  in  inadequate  nutri¬ 
tional  and  fluid  intake.  Extension  to  the  entire 
gastrointestinal  tract  has  been  reported  [10]  lead¬ 
ing  to  diarrhea,  gastrointestinal  bleeding,  chole¬ 
static  hepatitis  [11]  and  intestinal  necrosis  [12]. 

Pathogenesis 

SJS/TEN  syndrome  is  considered  a  delayed,  type 
IV  hypersensitivity  reaction  to  an  offending 
agent,  usually  a  drug.  It  has  been  recently  estab¬ 
lished  that  certain  drugs  can  bind  non-covalently 
to  peptide  grooves  on  human  leukocyte  antigen 
(HLA)  proteins  in  susceptible  individuals.  The 
drug-HLA  complex  is  then  presented  on  kerati- 
nocyte  cell  surface  and  recognized  by  the  TCR  of 
CD8+  cells,  leading  to  activation  of  these  cells 
into  cytotoxic  T  lymphocytes,  (CTLs)  and  NK 
cells,  which  triggers  the  secretion  of  effector  che- 
mokines  such  as  granulysin,  a  cationic  cytolytic 
protein  with  direct  cytotoxic  effects  leading  to 
extensive  keratinocyte  apoptosis  [13]. 

SJS/TEN  has  been  linked  to  certain  HLA 
alleles,  such  as  the  association  of  Carbamazepine- 
induced  SJS  to  the  HLA-B  15:02  allele,  found  in 
Han  ethnic  Chinese  with  the  US  Food  and  Drug 
Administration  to  recommending  screening  for 
HLA-B  15:02  prior  to  starting  carbamazepine 
therapy  for  patients  of  Southeast  Asian  ancestry 
[14].  Other  associations  include  Abacavir,  linked 
to  the  HLA-B  57:01  allele,  or  Allopurinol,  linked 
to  HLA-b  58:01  [15]. 


Principles  of  Management 
Supportive  Care 

The  key  aspects  of  treatment  for  SJS/TEN  con¬ 
sists  of  removal  of  any  suspected  offending  drug 
agent  with  supportive  care,  and  prompt  transfer 
to  preferentially  a  burn  unit  or  a  skilled  inten¬ 
sive  care  unit  with  experience  in  treating  these 
patients.  Adjuvant  systemic  therapies  have  shown 
equivocal  outcomes  across  the  literature  [16-19]. 

Supportive  therapy  is  aimed  at  limiting  associ¬ 
ated  complications.  Burn  units  have  experience  in 
handling  patients  with  extensive  epidermal  dam¬ 
age  and  sloughing  as  seen  in  SJS/TEN.  Prompt 
identification  of  SJS/TEN  via  skin  biopsy  is  criti¬ 
cal,  since  minimizing  the  time  between  the  onset 
of  skin  symptoms  and  transfer  to  a  burn  unit  has 
been  shown  to  directly  influence  survival  [16]. 
Supportive  care  is  focused  on  fluid  and  electro¬ 
lyte  replacement,  preserving  the  barrier  function 
of  the  skin,  promoting  re-epithelialization  of 
denuded  areas,  prevention  and  treatment  of  infec¬ 
tion,  and  prevention  of  ocular  damage.  Volume 
status,  protein  and  electrolyte  replacement  is 
crucial  due  to  significant  losses  of  fluid  and  pro¬ 
tein.  This  contributes  to  an  overall  catabolic  state 
which  can  lead  to  mortality.  Administration  of 
large  volumes  of  fluids,  electrolytes,  crystalloids, 
and  TPN  are  often  needed.  Venous  access  sites 
should  be  obtained  away  from  involved  areas 
[17].  Gentle  and  meticulous  daily  wound  care  is 
essential  and  dermatology  consult  is  necessary 
when  available. 

Intact  areas  of  skin  should  be  left  dry. 
Blistered  and  detached  skin  surfaces  should  have 
vaseline  gauze  applied  until  re-epithelialization, 
as  it  provides  a  low  friction  coverage  to  these 
areas  [17].  Silicone  dressings  can  also  be  applied 
to  more  eroded  areas  and  left  in  place  until  re- 
epithelialization  has  occurred.  Topical  antibiot¬ 
ics  such  as  mupirocin  should  be  applied  to  the 
most  affected  areas,  especially  to  facial  muco¬ 
sal  areas  such  as  the  nares,  mouth  and  ears  [19], 
but  silver  sulfadiazine  should  be  avoided  if  sulfa 
was  suspected  offending  agent  [18].  Systemic 
antibiotic  prophylactic  therapy,  which  used  to 
be  the  standard  of  care,  is  no  longer  practiced 
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routinely  because  of  risk  of  cross  reactivity  with 
prescribed  antibiotics  [18].  Damage  to  the  eye 
and  ocular  structures  is  a  significant  risk  and  an 
ophthalmology  consult  is  essential,  for  frequent 
evaluation  during  the  disease  course  but  also 
for  follow  up  and  to  treat  any  sequelae  that  may 
have  occurred.  Damage  can  be  minimized  by 
topical  antibiotic  use,  frequent  lubrication,  and 
lysis  of  adhesions  by  an  ophthalmologist  [20]. 
Oral  cleaning  should  be  done  frequently  with 
antiseptic  spray  and  removal  of  any  oral  crusting 
should  be  done  as  needed  [20] . 

Evidence  Contour 

Several  aspects  of  management  in  the  patient  with 
SJS  and  TEN  are  without  consensus  in  the  face  of 
high  quality  clinical  trials.  The  evidence  of  sys¬ 
temic  therapy  for  SJS  and  TEN  patients  remains 
conflicting,  without  any  convincing  role  for  adju¬ 
vant  therapies.  There  have  been  no  prospective 
controlled  trials  for  treatment  of  SJS  and  TEN, 
and  given  the  low  incidence  of  the  disease,  larger 
controlled  trials  are  very  difficult  to  perform. 

Systemic  Corticosteroids 

Systemic  corticosteroids  have  been  frequently 
used  for  treatment  of  patients  with  TEN  despite 
theoretical  increase  in  infection  risk.  Prior  stud¬ 
ies  have  suggested  an  increase  in  mortality  with 
steroid  use  [21]  although  newer  evidence  does  not 
corroborate  this  [22].  Their  use  remains  controver¬ 
sial  with  no  general  consensus  on  the  therapy  [17]. 

Intravenous  Immunoglobulins  (IVIG) 

IVIG  has  been  used  for  treatment  of  TEN  for  the 
past  15  years  given  early  case  reports  and  series 
demonstrating  potential  mortality  benefit. 
Larger  follow-up  studies  demonstrated  less  con¬ 
vincing  benefit  or  no  improvement  in  mortality. 
A  2012  meta-analysis  of  IVIG  for  TEN  did  not 
find  a  clinical  benefit  from  IVIG  [23].  The  ear¬ 
lier  studies  demonstrating  efficacy  suffered 


from  a  lack  of  control  group,  heterogeneity 
of  hospital  supportive  care,  and  heterogeneity  of 
patients’  population  [17,  24,  28]. 

Cyclosporine 

Cyclosporine  has  showed  promising  results  for 
treatment  of  SJS/TEN  [25-27].  A  European  pilot 
study  of  29  patients  with  SJS/TEN  demonstrated 
cyclosporine  therapy  to  be  well  tolerated  without 
increased  risk  of  infection.  Of  these  29  patients, 
the  expected  death  rate  was  2.75  %  per  the 
SCORTEN  score,  and  the  actual  death  rate  was 
0%  [25].  Another  study  showed  direct  mortality 
benefit  from  cyclosporine  compared  to  IVIG  in  a 
total  71  patients  [27].  These  results  did  not  reach 
a  statistical  significance  because  of  the  small 
sample  size,  and  thus,  larger  follow-up  studies 
for  confirmation  are  needed. 

TNF  Alpha  Inhibitors 

TNF  alpha  inhibitors  from  recent  studies  are 
showing  possible  mortality  benefit,  with  one  such 
study  form  Italy  showing  improvement  in  10/10 
patients  treated  with  a  single  dose  of  etanercept 
(50  mg)  without  significant  side  effects  [30,  31]. 

Thalidomide 

Thalidomide  has  been  shown  to  increase  mortal¬ 
ity  in  SJS/TEN,  and  a  randomized  control  trial 
was  discontinued  due  to  increased  mortality  in 
10/12  patients  on  thalidomide  therapy  vs  3/10  in 
the  control  arm  [29] . 


Summary 

In  summary,  the  mainstay  of  treatment  for  SJS/ 
TEN  involves  prompt  withdrawal  of  any  offend¬ 
ing  agents,  supportive  care  with  transfer  to  a  burn 
or  intensive  care  unit.  The  evidence  for  use  of  sys¬ 
temic  therapies  are  not  yet  conclusive  [17,  20],  at 
this  point,  and  their  role  is  at  best  equivocal. 
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Management  of  Alcohol 
Withdrawal  Syndromes 


Lucas  A.  Mikulic  and  Garth  W.  Garrison 


Case  Presentation 

A  53  year-old  man  with  a  history  of  alcohol 
abuse,  presented  to  the  emergency  department 
with  altered  mental  status,  agitation,  tremors  and 
visual  hallucinations.  His  family  members  recall 
the  patient  drinking  1  pint  of  vodka  and  2  cases  of 
beer  a  day,  which  he  had  stopped  in  preparation 
for  a  screening  colonoscopy.  His  vital  signs  were 
notable  for  a  BP  230/120  mmHg,  pulse  160  bpm, 
temperature  101  F,  respiratory  rate  27/min,  and 
pulse  oximetry  82  %  on  room  air.  Laboratory  data 
was  significant  for  WBC  27,000,  Creatinine  1.5, 
Potassium  2.6  and  CK  17,000.  Capillary  glucose 
levels  was  160  mg/dL,  and  computed  tomogra¬ 
phy  of  the  brain  showed  cortical  atrophy,  which 
was  more  than  expected  for  patient’s  age.  The 
patient  was  admitted  to  the  intensive  care  unit  for 
further  management. 

Question  What  is  the  most  likely  diagnosis  on 
this  patient? 

Answer  Alcohol  Withdrawal  Delirium  (AWD)  - 
Delirium  tremens  (DTs) 


L.A.  Mikulic  (El)  •  G.W.  Garrison 

Division  of  Pulmonary  and  Critical  Care  Medicine, 

University  of  Vermont  Medical  Center, 

Burlington,  VT,  USA 

e-mail:  Garth.garrison@uvmhealth.org 


DTs  is  defined  as  alcohol  withdrawal  and 
clouding  of  the  sensorium  (delirium)  [1,  3] 
(Table  92.1).  This  patient  was  admitted  to  the 
medical  intensive  care  unit  (ICU),  where  his 
Clinical  Institute  Withdrawal  Assessment  scale 
for  Alcohol,  Revised  (CIWA-Ar)  score  was  cal¬ 
culated  to  be  19  (Table  92.2).  The  patient  was 
given  IV  thiamine,  and  then  started  on  intrave¬ 
nous  fluids.  Serum  electrolytes  were  closely 
monitored  and  any  deficits  corrected.  Subsequent 
testing  including  urinalysis,  urine  toxicology, 
chest  x-ray  and  electrocardiogram  were  normal. 
The  patient  was  started  on  intravenous  lorazepam 
1-5  mg  IV  every  5-15  min  as  needed  and 
adjusted  for  patient’s  somnolence.  As  his  agita¬ 
tion  and  hallucinations  were  not  well  controlled, 
haloperidol  was  started  (0.5-5  mg  intravenously 
every  hour,  not  exceeding  20  mg/h). 
Electrocardiograms  were  closely  monitored  for 
any  QT  prolongation.  As  the  patient’s  symptoms 
continued  to  progress,  he  was  electively  intu¬ 
bated  and  started  on  IV  propofol  with  benzodiaz¬ 
epines  and  haloperidol  continued  on  as-needed 
bases  and  titrated  according  to  the  Richmond 
Agitation  Severity  Scale  (RASS).  After  72  h,  the 
patient’s  symptoms  were  better  controlled  and  he 
was  extubated.  His  sedatives  were  then  adminis¬ 
tered  on  as  needed  bases  according  to  CIWA-Ar 
protocol.  He  was  eventually  transferred  to  a  med¬ 
ical  floor  in  improved  condition. 
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Table  92.1  Delirium  tremens  DSM  V  criteria  [27] 


Alcohol  withdrawal: 

Delirium: 

A.  Discontinuation  of  prolonged  heavy 
alcohol  intake 

B.  At  least  two  of  the  following  symptoms : 
Autonomic  hyperactivity 

Hand  tremors 

Insomnia 

Nausea  or  vomit 

Transient  hallucinations  or  illusions 
Psychomotor  agitation 

Anxiety 

Generalized  tonic  clonic  seizures 

Decreased  attention  or  awareness 

Disturbance  in  attention,  awareness,  memory,  orientation,  language, 
Visuospatial  ability,  perception,  or  all  of  these  abilities  that  is  a  change 
from  the  normal  level  and  fluctuates  in  severity  during  the  day 
Disturbances  in  memory,  orientation,  language,  visuospatial  ability,  or 
perception 

No  evidence  of  coma  or  other  evolving  neurocognitive  disorders 

Predictors  of  delirium  tremens:  [1] 

CIWA-AR  scores  >  15 

Tachycardia  (heart  rate  >  100  bpm) 

Hypertension  (systolic  blood  pressure  >  150  mmHg) 


Older  age 

Recent  or  prior  seizures/ AWS 
Recent  misuse  of  other  depressant  drugs 
Electrolyte  abnormalities 

Other  comorbidities  (cardiac,  pulmonary,  gastrointestinal) 


Table  92.2  The  revised  clinical  institute  withdrawal  assessment  for  alcohol  scale  (CIWA-Ar)  [4] 


1. 

Nausea  and  vomit  ^ 

2. 

Tremor 

3. 

Paroxysmal  Sweats 

4. 

Anxiety 

5. 

Agitation 

> 

Scores  range  from  0  (normal)  to  7  (severe) 

6. 

Tactile  disturbances 

7. 

Auditory  disturbances 

8. 

Visual  disturbances 

9. 

Headaches 

10. 

Orientation  and  clouding  of  sensorium 

Scores  range  from  0  (oriented)  to 

w 

4  (disoriented  to  place  and/or  person) 

A  score  greater  than  10  indicates  the  need  for  admission  to  the  hospital,  with  higher  scores  correlating  with  severity  of 
withdrawal  and  probability  of  seizures  [5,  6] 


Principles  of  Management 
Diagnosis 

Alcohol  withdrawal  is  a  clinical  diagnosis  based 
on  appropriate  patient  history  and  symptoms, 


with  reasonable  exclusion  of  other  etiologies 
(e.g.  infectious  workup  if  patient  presents  with 
fever).  Patients  should  have  a  history  of  chronic 
alcohol  abuse  with  a  recent  abrupt  reduction  in 
intake.  The  symptoms  of  alcohol  withdrawal  can 
be  divided  into  three  broad  categories:  CNS 
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excitation,  autonomic  hyperactivity,  and  psycho¬ 
sis.  CNS  excitation  occurs  12-48  h  following 
alcohol  cessation,  and  is  due  to  decreased  inhibi¬ 
tory  tone  of  the  y-amino  butyric  acid  (GABA) 
receptor,  and  increased  excitatory  activity  of  the 
N-methyl-aspartate  glutamate  receptor  (previ¬ 
ously  suppressed  by  alcohol  intake).  The  patient 
may  present  with  anxiety,  agitation  and  restless¬ 
ness,  which,  if  left  untreated,  can  progress  to  sei¬ 
zures.  Most  of  the  seizures  are  self-  limited  but 
can  progress  to  status  epilepticus.  Autonomic 
hyperactivity  typically  occurs  24-48  h  following 
alcohol  cessation  and  is  related  to  increased  nor¬ 
adrenergic  response.  The  patient  may  experience 
fevers,  tachycardia,  hypertension,  diaphoresis 
and  fevers.  Psychosis  occurs  due  to  excess  dopa¬ 
mine  release  through  the  mesolimbic  tract.  The 
patient  will  show  confusion,  hallucinations,  and 
paranoia  [3,  7]. 

Initial  Phase  of  Care 

The  management  of  alcohol  withdrawal  is 
directed  towards  alleviating  symptoms  of  with¬ 
drawal  and  avoiding  its  progression  into  seizures 
or  DTs.  For  patients  with  marked  alteration  in 
mentation,  hemodynamic  instability,  or  those 
requiring  frequent  nursing  assessment  and  inter¬ 
vention,  ICU  admission  is  suggested.  Due  to 


disease  and  medication  related  alterations  in 
mentation;  patients  may  require  endotracheal 
intubation  for  airway  protection.  Benzodiazepines 
(e.g.  lorazepam,  diazepam)  remain  the  first  line 
of  treatment,  and  are  typically  given  intrave¬ 
nously  to  patients  requiring  ICU  monitoring. 
Initially,  a  symptom-triggered  escalating  dose 
strategy  has  been  shown  to  reduce  the  duration  of 
therapy  and  the  total  dose  of  the  medication  given 
[8].  The  goal  of  this  protocol  is  to  rapidly  increase 
the  doses  until  a  desired  level  of  sedation  is 
achieved,  before  severe  agitation  occurs 
(Table  92.3).  In  cases  of  DTs,  continuous  benzo¬ 
diazepine  infusion  may  be  required  to  alleviate 
symptoms  [1,  7,  9,  10].  As  propylene  glycol  tox¬ 
icity  may  occur  with  high  doses  of  IV  lorazepam, 
it  is  recommend  to  check  serum  osmolarity 
(Osm)  and  the  osmolar  gap  in  these  patients,  and 
to  stop  the  infusion  if  serum  osm  >350  mOsm/kg 
or  serum  osmol  gap  >10  [10,  11]. 

The  goal  of  care  must  also  include  nutritional 
supplementation  and  hydration,  with  emphasis  in 
avoiding  excessive  fluid  administration.  Blood 
glucose  and  electrolytes  must  be  monitored 
closely.  Thiamine  (500  mg  IV  once  or  twice  a 
day  for  3  days)  is  recommended  to  prevent  the 
development  of  Wernicke  encephalopathy,  and 
it’s  particularly  important  to  be  given  before  the 
administration  of  IV  dextrose,  as  the  latter  can 
precipitate  acute  thiamine  efficiency  [1,9,  10]. 


Table  92.3  Pharmacologic  treatment  of  alcohol  withdrawal  delirium  [9,  12] 


Drug 

Loading  dose 

Repeated  dosing  regimen  if  ineffective 

Diazepam 

5  mg  IV 

1.  Repeat  dose  of  2.5  mg  IV  in  10  min,  then 

2.  Administer  additional  2.5  mg  dose,  then 

3.  Repeat  dosing  every  10  min  increasing  to  5  mg,  then  10  mg, 
then  20  mg  as  is  needed 

Lorazepam 

1-4  mg  IV 

1-4  mg  IV  every  5-15  min,  can  repeat  hourly 

1-40  mg  IM 

Repeat  1-40  mg  IM 

Phenobarbital 

260  mg  IV 

130-260  mg  IV  every  15-20  min 

The  following  drugs  must  be  utilized  as  adjunct  therapy  or  in  combination  with  benzodiazepines  for  the 
treatment  ofDT’s  [12-16] 


Propofol 

Can  be  bolused  and/or  administered  as  an  infusion  15-80  ug/kg/min) 

Haloperidol 

0.5-5  mu  IV/IM  everv  30-60  min 

Dexmedetomidine 

Infusion:  0.2-0. 7  uu/ku/h.  with  no  bolus. 

Note:  phenobarbital  and  propofol  must  be  administered  in  an  ICU.  Phenobarbital  may  be  administered  as  monotherapy 
or  in  combination  with  benzodiazepines  for  refractory  DTs.  In  the  ICU,  medications  are  titrated  according  to  the 
Richmond  Agitation  Severity  Score  (RASS) 


768 


L.A.  Mikulic  and  G.W.  Garrison 


Evidence  Contour 

Several  aspects  of  management  in  the  patient 
with  alcohol  withdrawal  remain  without  consen¬ 
sus  in  the  face  of  available  clinical  trials. 

Patient  Disposition 

ICU  admission  is  frequent  in  patients  admitted  to 
the  hospital  with  acute  alcohol  withdrawal;  stud¬ 
ies  have  described  between  a  20-30%  risk  of 
ICU  admission  [15].  In  patients  admitted  to  the 
intensive  care  unit,  many  will  ultimately  require 
mechanical  ventilation  [11].  Early  identification 
and  treatment  with  symptom-triggered  benzodi¬ 
azepine  dose  strategy,  done  on  the  floor,  can 
reduce  ICU  admissions.  A  phenobarbital  proto¬ 
col,  given  outside  the  ICU,  has  also  been 
described  to  reduce  ICU  admission  [12].  However 
adjuvant/alternate  therapies  including  propofol 
and  dexmedetomidine  infusions  require  ICU 
transfer  for  their  administration.  Whether  there  is 
a  benefit  for  admission  to  ICU  level  care  in 
patients  with  moderate  withdrawal  symptoms 
prior  to  decompensation  is  currently  unknown. 
Likewise,  outcomes  with  early  or  delayed  intuba¬ 
tion  have  not  been  prospectively  evaluated  [11]. 
However  given  risk  of  ultimate  ICU  need  overall, 
a  low  threshold  for  ICU  transfer  is  advised. 

Propofol 

In  patients  requiring  mechanical  ventilation,  pro¬ 
pofol  may  be  used  for  the  treatment  of  alcohol 
withdrawal.  In  a  retrospective  cohort  analysis,  no 
significant  difference  was  found  in  length  of  hos¬ 
pital  stay,  ICU  stay,  or  mechanical  ventilation 
when  patients  were  treated  with  benzodiazepine 
monotherapy,  propofol  monotherapy,  or  benzodi¬ 
azepine  plus  propofol  [17]. 

Phenobarbital 

Traditionally,  benzodiazepines  have  been  recom¬ 
mended  as  the  first  line  of  treatment  in  AWS,  as 


barbiturates  have  a  narrower  therapeutic  window, 
a  higher  likelihood  for  respiratory  depression, 
and  greater  potential  for  interaction  with  other 
medications. 

The  use  of  phenobarbital  in  alcohol  with¬ 
drawal  has  been  typically  reserved  for  those 
cases  resistant  to  conventional  therapy  with  ben¬ 
zodiazepines,  which  is  defined  as  a  patient 
requiring  more  than  40  mg  diazepam  (or  10  m 
lorazepam)  in  1  h.  In  these  cases,  barbiturates 
have  been  proven  to  be  effective.  As  demon¬ 
strated  by  Gold  et  A1  in  a  retrospective  study  per¬ 
formed  in  patients  admitted  to  a  medical  ICU  for 
severe  AWS,  higher  doses  of  diazepam  in  combi¬ 
nation  with  barbiturates  were  associated  with  a 
twofold  decrease  in  mechanical  ventilation  [18]. 

In  Denmark,  barbiturates  have  been  used  in 
the  treatment  of  DTs  for  decades.  In  a  prospec¬ 
tive  study  performed  by  Kramp  and  Rafaelsen, 
diazepam  and  phenobarbital  were  compared  in 
the  treatment  of  DTs.  No  difference  was  found 
between  the  two  drugs  in  cases  of  mild-  moder¬ 
ate  AWS,  nevertheless  phenobarbital  was  found 
to  be  superior  to  diazepam  in  the  treatment  of 
DTs  [19]. 

In  a  recent  prospective  study,  a  single  use  of 
IV  phenobarbital,  together  with  a  symptom 
guided  lorazepam  regimen,  resulted  in  decreased 
ICU  admission  rate  in  emergency  department 
patients  with  AWS,  and  was  not  associated  with 
increased  adverse  events  [12]. 

This  evidence  supports  the  use  of  phenobar¬ 
bital  in  severe  cases  of  AWS  or  DTs.  In  mild  to 
moderate  cases,  benzodiazepines  still  remain 
the  standard  of  care,  at  least  until  further  pro¬ 
spective  studies  confirm  safety  and  efficacy  of 
phenobarbital. 

Central  Alpha  2  Agonists 

Stimulation  of  the  presynaptic  alpha  2  recep¬ 
tors  decreases  the  release  of  norepinephrine 
and  activation  of  the  autonomous  nervous  sys¬ 
tem,  with  anxiolytic,  analgesic,  anesthetic  and 
sympatholytic  effects  [20].  Both  clonidine  and 
dexmedetomidine  are  alpha  2  agonists,  never¬ 
theless  the  latter  is  administered  IV,  has  a 


92  Management  of  Alcohol  Withdrawal  Syndromes 


769 


shorter  half-life  (approximately  2  h),  and  is 
eight  times  more  potent  [20,  21].  These  medi¬ 
cations  cannot  be  utilized  solely  for  AWS  but  in 
conjunction  with  benzodiazepines  [22].  Several 
small  retrospective  trials  have  shown  that  the 
addition  of  dexmedetomidine  to  benzodiaze¬ 
pine  treatment  decreases  the  total  use  of  benzo¬ 
diazepines.  The  most  common  side  effects 
observed  were  hypotension  and  bradycardia 
[14,  20,  23,  24].  Since  no  randomized  control 
trials  have  evaluated  the  use  of  dexmedetomi¬ 
dine  in  the  intensive  care  unit,  neither  proven 
its  efficacy  to  prevent  seizures  or  DTs,  this  drug 
should  be  used  with  care. 

Antipsychotics 

Intravenous  antipsychotics  may  be  utilized  for 
the  treatment  of  psychosis  when  patients  fail  to 
respond  to  the  usual  care  with  benzodiaze¬ 
pines.  These  medications  should  be  used  with 
caution,  as  they  can  lower  the  seizure  thresh¬ 
old,  cause  neuroleptic  malignant  syndrome,  or 
prolong  the  QT  interval  [9].  If  utilized,  close 
monitoring  of  QTc  and  electrolytes  is  recom¬ 
mended  [1,  7]. 

Anticonvulsants 

Benzodiazepines  (alone  or  in  conjunction  with 
propofol  or  phenobarbital)  are  the  gold  standard 
for  the  treatment  of  alcohol  withdrawal  seizures. 
The  use  of  phenytoin  has  been  proven  to  be  non- 
beneficial  in  preventing  recurrences  of  seizures 
[6,  25].  Carbamazepine  has  been  utilized  with 
success  in  the  treatment  of  AWS,  and  when  com¬ 
pared  to  oxazepam,  at  least  two  studies  have 
shown  the  efficacy  of  this  medication  to  reduce 
withdrawal  symptoms  [26].  Its  use  in  the  ICU 
still  requires  further  research. 

Other  Agents 

Gabapentin,  valproic  acid,  and  baclofen  have 
shown  promising  results  in  small  studies  in  the 


treatment  of  AWS.  Still,  larger  studies  are  needed 
to  assess  safety  and  efficacy  [26] . 
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Case  Presentation 

An  85  year  old  man  was  admitted  to  the  ICU  for 
acute  respiratory  failure  from  pneumonia  and 
hypotension  and  altered  mental  status.  He  was 
known  to  have  lung  cancer  and  CT  scan  obtained 
in  ER  showed  what  appeared  to  be  metastases  in 
his  brain. 

After  stabilizing  the  patient  the  ICU,  the  team 
met  with  the  family  who  were  composed  of  a 
grandson  who  lives  in  another  state,  an  elderly 
sister  with  dementia  and  a  daughter-in-law  who 
has  been  intermittently  looking  in  on  him  for 
years.  At  that  point  the  patient  was  unable  to  par¬ 
ticipate  in  the  discussion  because  he  is  obtunded. 

After  telling  the  family  about  his  acute  and 
chronic  illnesses  and  the  treatments  he  has  been 
receiving  the  team  began  a  discussion  about  goals 
of  care.  The  family  stated  that  he  did  not  have  a 
written  advance  directive  nor  had  he  documented 
a  healthcare  proxy.  In  the  course  of  these 
discussions,  the  grandson  said  that  he  wants 
“everything  done”,  the  sister  only  nodded,  and 
the  daughter-in-law  disagreed  saying  that  the 
patient  did  not  like  hospitals,  was  lonely,  and 
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wanted  to  die.  She  favored  minimal  medical 
interventions  and  a  focus  on  comfort.  They  asked 
questions  about  his  prognosis  such  as  whether  he 
will  live  and  what  he  will  be  like  afterward. 

After  more  discussion  the  topic  of  Do  Not 
Resuscitate  (DNR)  was  raised.  The  family  did 
not  want  him  to  suffer  but  worried  if  he  is  DNR 
he  would  not  get  antibiotics  and  would  be  ignored 
by  the  ICU  team.  Eventually,  a  consensus  deci¬ 
sion  with  the  ICU  team  was  made.  The  goals  of 
care  would  be  to  focus  on  comfort  with  some 
medical  care  such  as  fluids  and  antibiotics  and 
oxygen  for  limited  period  of  time  to  see  if  he 
could  easily  recover  from  the  acute  event.  By  the 
second  day  the  patient  was  in  renal  failure  and 
still  hypotensive. 

Question  Based  on  the  discussion  of  goals  of 
care  should  additional  life  support  measures, 
such  as  dialysis,  now  be  provided? 

Answer  According  to  the  current  understanding 
of  the  goals  of  care  the  answer  would  be  no. 
However,  current  management  with  antibiotics, 
fluids  and  oxygen  would  continue. 

Given  the  deterioration  in  the  patient’s  clinical 
condition  a  continued  dialog  with  the  patient’s 
family  to  inform  them  of  this  change  is  important. 
When  the  family  was  made  aware  of  the  deterio¬ 
ration  in  the  patient’s  clinical  condition  the 
patient’s  goals  of  care  were  subsequently  changed 
to  comfort  measures  only  (CMO).  Palliative  care 
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was  then  consulted  and  additional  medical  inter¬ 
ventions  were  withheld.  The  patient  expired  a  day 
later. 

Principles  of  Management 

Making  Decisions  in  the  ICU 

The  manner  in  which  important  medical  deci¬ 
sions  are  made  has  changed  throughout  the  his¬ 
tory  of  medicine.  For  much  of  the  time,  almost  all 
decisions  were  made  by  physicians  in  a  manner 
often  referred  to  as  medical  paternalism.  In  the 
later  twentieth  century,  however,  cultural  views 
changed  and  the  pendulum  swung  to  a  more 
patient-centered  model  and  the  idea  of  medical 
autonomy  became  key  tenet  of  medical  decision 
making.  New  medical  technologies  drove  much 
of  this  change  as  increasingly  complex  decisions 
needed  be  made  on  life-or-death  issues.  These 
decisions  often  encompassed  elements  of  both 
medical  care  as  well  as  personal  views  on  how 
and  when  a  person  dies.  In  the  last  several 
decades,  the  problems  of  using  either  a  predomi¬ 
nantly  paternalistic  or  autonomy-based  decision 
model  have  become  clear.  Put  succinctly,  pater¬ 
nalism  often  fails  to  consider  patients’  values  and 
autonomy  can  often  lead  to  decisions  made  that 
fail  to  recognize  medical  realities  and  may  place 
heavy  burdens  on  families.  Increasingly,  the 
medical  community  is  advocating  for  a  model  of 
decision  making  referred  to  as  a  shared-decision 
model  that  seeks  to  incorporate  elements  of  both 
models.  This  will  be  discussed  in  more  detail 
later  in  the  chapter. 

Unfortunately,  as  in  the  case  described  here, 
ICU  patients  are  often  unable  to  participate  in 
these  shared-decisions,  and  as  a  result,  physi¬ 
cians  must  rely  heavily  upon  surrogate  decision 
making  [1].  There  are  numerous  challenges  that 
exist  when  using  surrogate  decision  makers.  As 
this  case  illustrates,  sometimes  it  is  not  clear  who 
should  be  used  as  a  surrogate  and  often  surro¬ 
gates  propose  differing  views.  As  a  matter  of 
convention,  physicians  often  look  to  family  but 
sometimes  there  are  family  characteristics  that 
make  them  less  than  optimal  decision  makers. 


When  a  patient  cannot  speak  for  him  or  herself 
and  does  not  have  a  clear  written  directive  the 
team  then  looks  for  a  healthcare  proxy ,  or  some¬ 
one  legally  designated  as  a  decision  maker.  In  the 
absence  of  that  they  look  to  a  surrogate.  A  surro¬ 
gate  is  someone  who  (ideally):  (1)  knows  what 
the  patient  would  want  and  (2)  has  the  patient’s 
best  interests  in  mind.  Choosing  a  surrogate  can 
be  challenging.  In  as  case  such  as  this,  two  key 
principles  should  be  applied.  One  is  that  ICU 
team  should  work  to  create  some  consensus 
among  the  family  and  the  second  is  that  weight 
should  be  given  to  the  surrogate  who  would  know 
what  the  patient  would  want.  In  some  cases, 
where  no  family  is  available,  close  friends  or 
neighbors  can  be  used  to  help  guide  the  goals  of 
care  if  the  team  feels  they  are  fulfilling  the  prin¬ 
ciples  of  surrogacy. 

More  problems  exist  with  surrogate  decision 
making.  Studies  have  shown  that  even  close  rela¬ 
tives  are  not  always  able  to  guess  what  complex 
or  life  determining  treatments  their  loved  one 
would  want  or  not  want  [2] .  Surrogates  and  phy¬ 
sicians  are  thus  often  left  with  questions  regard¬ 
ing  decisions  they  have  made.  Additionally,  it  is 
clear  that  putting  the  burden  of  such  critical  deci¬ 
sions  on  family  can  impose  a  tremendous  emo¬ 
tional  burden,  in  some  cases  leading  to  long-term 
psychiatric  morbidity.  Psychiatric  morbidity, 
manifesting  as  symptoms  of  post- traumatic  stress 
disorder  (PTSD)  in  surrogates  at  90  days,  has 
been  associated  with  shared  decision  making. 
Nearly  1/3  of  surrogates  will  have  these  symp¬ 
toms,  and  the  risk  is  higher  in  patients  involved  in 
shared  decision  making  regarding  end-of-life 
(EOL)  decisions  [3].  Despite  the  limitations  of 
shared  decision  making,  particularly  the  use  of 
surrogates,  it  is  accepted  as  striking  the  appropri¬ 
ate  balance  between  autonomy  and  paternalism. 

Prognostication 

Another  big  challenge  facing  ICU  physicians 
when  engaging  families  in  discussions  regarding 
EOL  care  is  identifying  who  is  at  the  end  of  life. 
Failure  to  predict  may  prevent  timely  discussions 
and  over  prediction  of  mortality  can  lead  to  family 
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mistrust  of  the  medical  staff.  There  are  many  tools 
available  for  prognostication,  including  published 
data  for  mortality  in  certain  diseases,  mortality 
scoring  tools,  and  physician  experience.  Published 
data  is  often  hard  to  use  for  a  particular  patient,  as 
each  patient  may  or  may  not  fit  within  the  specific 
entry  criteria  in  those  studies.  Also,  medical  ther¬ 
apies  for  a  particular  disease  state  can  change  rap¬ 
idly  making  studies  that  are  only  a  couple  years 
old  irrelevant.  Many  severity  scoring  systems 
have  been  to  help  with  prognostication  (APACHE, 
SAPS,  SOFA)  but  predictions  are  at  best  90% 
accurate  [4]  and  only  can  give  predications  based 
on  a  few  components  of  physiology  making  them 
accurate  for  groups  but  less  helpful  for  specific 
individuals.  Physicians  and  ICU  staff  are  much 
less  accurate,  predicting  incorrectly  as  much  as 
44%  of  the  time  [5].  In  the  case  of  this  ICU 
patient,  family  is  also  concerned  with  morbidity 
and  after  care  which  can  be  even  harder  to  predict. 
Nevertheless,  the  team  should  include  discussion 
of  post-treatment  morbidity  in  goals  of  care  dis¬ 
cussions  and  they  should  be  transparent  about  the 
difficulties  in  accurately  predicting  outcomes. 
Additionally,  this  case  illustrates  that  the  effect  of 
uncertainty  at  the  time  of  admission  can  be  ame¬ 
liorated  by  changing  goals  of  care  as  the  time 
makes  the  prognosis  more  clear. 

What  Constitutes  Good  End 
of  Life  Care? 

Given  how  many  people  now  die  in  ICUs,  there 
has  been  increasing  emphasis  placed  on  improv¬ 
ing  this  element  of  patient  care.  Problems  arise, 
however,  when  one  tries  to  determine  what  ele¬ 
ments  of  care  are  good.  The  Institute  of  Medicine, 
in  1998,  proposed  “that  people  should  be  able  to 
expect  and  achieve  a  decent  or  good  death — one 
that  is  free  from  avoidable  distress  and  suffering 
for  patients ,  families ,  and  caregivers ;  in  general 
accord  with  patients’  and  families,  wishes ;  and 
reasonably  consistent  with  clinical ,  cultural ,  and 
ethical  standards [6]  A  good  death  is  the  goal 
for  all  patients,  but  the  manner  in  which  that 
arrives  is  an  area  where  the  medical  community 
continues  to  struggle. 


There  are  clearly  things  that  have  been  shown 
to  improve  EOL  care.  Tools  like  the  Quality  of 
Dying  and  Death  (QODD)  questionnaire  have 
helped  identify  key  components  of  EOL  care  that 
improve  family  outcomes  and  experiences. 
Support  for  the  family,  family  presence  at  time  of 
dying,  perceived  nursing  skill,  decision-making 
support,  and  documentation  of  patient  wishes 
regarding  EOL  care  were  all  associated  with 
improved  QODD  scores.  Lower  QODD  scores 
were  seen  when  patients  had  CPR  within  the  last 
hour  of  life  [7-9].  Communication  is  the  corner¬ 
stone  of  effective  EOL  care.  Particular  factors  in 
family  meetings  have  been  shown  to  improve  fam¬ 
ily  outcomes,  including  higher  proportion  of  fam¬ 
ily  speech,  increased  empathic  statements  ensuring 
non-abandonment,  symptom  control  and  decision¬ 
making.  Interestingly,  the  length  of  family  confer¬ 
ences  was  not  associated  with  improved 
satisfaction  [10-12]. 

Access  to  spiritual  care  at  family  request, 
including  the  presence  of  a  spiritual  advisor  in 
the  last  day  of  life,  can  also  improve  satisfaction 
[13].  Shared  decision-making,  evaluating  the 
patient’s  end-of-life  wishes,  a  physician  recom¬ 
mendation  to  withdraw  life-prolonging  interven¬ 
tions,  and  death  after  these  interventions  have 
been  withdrawn  have  all  improved  family  satis¬ 
faction  with  end  of  life  care.  Patients  that  died  on 
full  support  have  family  members  with  worse  sat¬ 
isfaction  [14,  15].  Finally,  withdrawal  of  life- 
sustaining  therapies  is  often  a  key  component  of 
EOL  care.  Family  understanding  of  the  with¬ 
drawal  process,  proceeding  as  expected  and  man¬ 
agement  of  symptoms  was  also  associated  with 
improved  satisfaction  [16]. 


Evidence  Contour 

Code  Status  and  the  ICU  Patient 

The  Do-not-resuscitate  (DNR)  order  and  related 
treatment  decisions  remain  some  of  the  most 
controversial  topics  in  medicine  and  especially 
ICU  care.  The  underlying  concept  is  that  patients 
may  reach  a  state  of  poor  health  such  that  they  do 
not  want  to  be  revived  when  dying  or  the  treating 
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physician  feels  that  such  resuscitation  would  be 
ineffective.  The  modern  iteration  of  this  rose  to 
prominence  after  cardiopulmonary  resuscitation 
(CPR)  was  invented,  an  intervention  that  literally 
allowed  doctors  to  revive  someone  who  would 
normally  have  been  considered  dead  (i.e.  pulsel¬ 
ess).  The  main  controversies  arose  from  several 
elements  of  this  decision  such  as:  who  decides, 
what  constitutes  “resuscitation”  and  how  does 
this  decision  impact  other  elements  of  care. 

Background 

In  the  1960s  the  technique  of  closed  cardiac  mas¬ 
sage  for  resuscitating  patients  who  were  pulsel¬ 
ess  was  popularized  and  began  to  be  used 
commonly  in  hospitals.  Not  long  after  that  the 
medical  literature  began  to  detail  a  number  of 
adverse  complications  that  could  occur  [17]  as 
well  as  stories  of  patients  who  received  it 
unwanted  while  dying.  In  a  famous  letter  to  the 
British  Medical  Journal  a  physician  wrote  of  a 
colleague’s  agonizing  death  from  untreatable 
gastric  cancer.  He  was  repeatedly  resuscitated 
over  the  course  of  days  despite  pleas  to  be  left  to 
die  [18].  The  ensuing  years  were  chaotic  in  terms 
of  defining  who  should  decide  when  not  to 
administer  CPR  and  the  process  by  which  that 
should  occur.  In  the  early  years,  the  doctors  made 
such  decisions  almost  unilaterally  and  often 
without  the  patient’s  knowledge.  Other  publi¬ 
cized  cases  from  the  1970s  drew  attention  to  the 
lack  of  disclosure  and  a  confused  process  by 
which  these  decisions  were  being  made  in  hospi¬ 
tals.  Finally,  in  the  1980s  and  1990s  several  major 
professional  societies  and  journals  began  pub¬ 
lishing  consensus-based  guidelines  which  helped 
to  unify,  somewhat,  the  process  [19-22].  Despite 
these  efforts,  DNR  other  code  status  designations 
remain  a  source  of  controversy  and  confusion. 

Problems  with  DNR 

One  major  problem  is  defining  what  the  term 
means.  To  some,  DNR  designates  only  that  CPR 
and/or  the  Advanced  Cardiac  Life  Support 
(ACLS)  protocols  will  not  be  performed.  This 
may  or  may  not  include  respiratory  support,  elec¬ 
trical  cardioversion,  chemical  cardioversion,  and 
other  acute  interventions  meant  to  save  a  life.  In 


many  cases  it  is  clear  that  either  the  patient  or 
physician  is  using  the  term  to  go  beyond  CPR  and 
denote  a  general  limitation  of  aggressive,  life¬ 
saving  procedures  that  could  include  things  like 
hemodialysis,  blood  transfusions,  surgery  and 
many  other  interventions.  At  the  very  least,  phy¬ 
sicians  and  other  healthcare  providers  should 
understand  that  there  is  lack  of  consensus  as  to 
what  DNR  means  for  any  given  patient  and  care 
should  be  taken  among  all  providers  and  families 
to  clarify. 

Some  efforts  to  customize  or  better  define  a 
given  patient’s  code  status  have  resulted  in 
improvements  but  new  problems  as  well.  Many 
institutions  have  tried  using  complex,  menu-like 
systems  that  list  a  variety  of  life  supporting  inter¬ 
ventions.  It  is  now  possible  to  see  a  patient  who 
wishes  to  be  resuscitated  but  not  intubated  (DNI), 
or  intubated  but  not  resuscitated.  These  designa¬ 
tions  start  from  the  best  intentions  but  often  end 
up  creating  more  confusion  or  creating  situations 
that  are  medically  futile  or  impossible  to  carry¬ 
out.  Hospitals  can  find  themselves  confronted 
with  situations  where  a  patient  is  refusing  one 
form  of  therapy  that  may  lead  to  cardiac  arrest 
but  still  wishes  to  have  ACLS.  Additionally, 
many  physicians  feel  that  asking  patients  to 
decide  on  specific  complex  interventions  violates 
principles  of  good  informed  consent  since  the 
indications,  risks,  and  benefits  are  too  complex 
for  them  to  fully  understand. 

Who  Should  Make  Decisions  About  Life 
Support? 

Two  important  principles  involved  in  DNR  orders 
are  the  concepts  of  futility  and  patient  autonomy. 
Modern  western  medical  ethics  values  a  patient’s 
right  to  determine  which  treatments  he  or  she 
wishes  to  receive  and  this  principle  was  the  pri¬ 
mary  driver  of  much  of  the  evolution  of  DNR 
orders.  As  mentioned  earlier,  for  many  years  phy¬ 
sicians  had  the  sole  ability  to  decide  when  aggres¬ 
sive  care  should  not  be  offered  based  on  perceived 
futility.  It  was  not  until  the  later  part  of  the  twen¬ 
tieth  century  that  it  became  acceptable  for 
patients  to  make  these  decisions.  During  this  time 
medical  culture  changed  on  many  fronts  with 
much  more  emphasis  placed  on  the  patient’s  right 
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to  determine  their  care.  This  was  largely  a  posi¬ 
tive  change  that  led  to  more  personalized  care 
that  was  in  keeping  with  personal  values. 

There  was  a  downside  to  this  focus  on  auton¬ 
omy,  unfortunately.  By  asking  patients  or  their 
families  to  make  decisions  on  acute,  complex, 
life-saving  interventions  we  may  burden  them 
with  guilt,  stress,  and  the  potential  to  make  poor 
decisions  based  on  limited  understanding  of  the 
medical  benefits  and  risks.  As  an  example,  the 
physicians  may  feel  they  are  being  nice  when 
asking  this  family  if  they  want  CPR  or  ACLS  per¬ 
formed  on  the  patient  but  by  doing  so  they  have 
given  them  a  life-or-death  decision  that  must 
often  be  made  with  little  time,  in  a  time  of  great 
stress  and  emotion  and  with  insufficient  medical 
knowledge  to  fully  comprehend  the  benefits. 
Because  of  this,  medical  culture  in  the  United 
States  has  been  evolving  towards  a  shared- 
decision  model  care  plans. 

Going  Forward  with  Life-Sustaining 
Treatment  Decisions 

In  light  of  the  experience  and  knowledge  learned 
in  the  last  several  decades,  new  ideas  for  life  sus¬ 
taining  care  decisions  are  being  discussed  and 
advocated.  These  seek  to  preserve  the  good  ele¬ 
ments  of  patient  autonomy  and  the  ability  to  limit 
or  refuse  life  prolonging  treatments  but  reduce 
the  guilt,  stress,  and  poor  decisions  that  may 
result  from  current  paradigms.  The  following  ele¬ 
ments  describe  key  features  of  the  process  of 
making  these  decisions  currently. 

•  Care  limitation  decisions  should  be  made  in 
Shared  Decision  model  that  includes  input 
from  both  the  patient  (or  surrogates)  and  the 
physicians.  Treatments  that  are  felt  to  be  use¬ 
less  should  not  be  offered  by  the  physician 
team  as  this  will  only  introduce  confusion  and 
the  opportunity  for  poor  decisions.  Physicians 
have  the  responsibility  to  be  transparent  about 
their  decision  making  process  and  to  give  as 
much  weight  as  possible  to  the  wishes  of  the 
patient. 

•  Physicians  should  recognize  that  prognostica¬ 
tion  is  often  difficult  and  inaccurate,  especially 
when  predicting  morbidity.  Their  decisions 


and  discussions  with  patients  should  acknowl¬ 
edge  this. 

•  Physicians  should  recognize  that  there  is  con¬ 
siderable  variation  in  the  use  of  the  term  DNR 
and  recognize  that  even  among  their  team 
there  may  be  differing  understandings  of  the 
term.  Efforts  should  be  made  to  clarify,  among 
all  groups,  the  specifics  of  the  care  plan. 

•  In  many  cases,  it  is  better  to  avoid  such  specific 
designations  as  DNR  or  DNI  and  to  solicit 
more  general  goals  from  families  and  patients 
and  then  tailor  medical  interventions  based  on 
those  stated  goals.  Communication  and  trans¬ 
parency  of  these  decisions  is  important. 

It  is  important  for  physicians  to  make  it  clear 
to  patients  and  family  that  decisions  to  limit  some 
aspects  of  life  sustaining  care  does  not  necessar¬ 
ily  limit  any  other  aspects  of  care. 

Futility  and  Requests 

for  Inappropriate  Treatments 

Defining  Futility 

Owing  to  ongoing  advances  in  medical  care,  any 
definition  of  medical  futility  is  situational  and 
subject  to  ongoing  reconsideration.  There  have 
been  many  definitions  put  forth  of  the  term  “med¬ 
ically  futile”  but  most  prove  inadequate  for  prac¬ 
tical  use.  For  much  of  the  last  century,  the  term 
was  used  to  describe  either  a  patient  who  simply 
could  not  be  kept  alive  (i.e.  refractory  shock)  or  a 
patient  in  whom  death  was  inevitable  in  the  near 
future  (i.e.  advanced  cancer).  The  term,  “termi¬ 
nally  ill”  probably  better  describes  the  second 
situation.  Nevertheless,  these  concepts  have  often 
been  invoked  as  a  justification  for  limiting  life¬ 
saving  interventions  yet  both  are  problematic. 
With  modern  medical  interventions  such  as  extra¬ 
corporeal  membrane  oxygenation  (ECMO)  and 
others  that  can  support  vital  organ  functions, 
there  are  fewer  times  when  physicians  cannot 
keep  a  patient  alive.  Additionally,  as  patients  with 
advanced  illnesses  are  increasingly  treated  in 
ICUs  with  the  goal  of  only  a  few  more  weeks  or 
days  of  life,  it  becomes  clear  that  one  person’s 
definition  of  “terminally  ill”  may  not  be  anoth- 
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er’s.  In  the  most  recent  joint  statement  from  some 
of  the  key  professional  societies  addressing  such 
issues  the  authors  chose  avoid  using  the  word 
futility  whenever  possible  given  its  subjective 
nature. 

As  mentioned,  in  2015,  several  professional 
societies  (American  Thoracic  Society,  American 
Association  of  Critical  Care  Nurses,  American 
College  of  Chest  Physicians,  European  Society 
for  Intensive  Care  Medicine,  and  Society  of 
Critical  Care  Medicine)  jointly  produced  and 
published  a  statement  addressing  conflicts  of  this 
nature.  The  statement  makes  several  points  that 
sum  up  the  key  components  of  addressing  requests 
for  potentially  inappropriate  care  in  ICUs. 

•  Institutions  should  implement  strategies  to 
prevent  intractable  treatment  conflicts,  includ¬ 
ing  proactive  communication  and  early 
involvement  of  expert  consultants. 

•  The  term  “potentially  inappropriate”  should 
be  used,  rather  than  futile,  to  describe  treat¬ 
ments  that  have  at  least  some  chance  of 
accomplishing  the  effect  sought  by  the  patient, 
but  clinicians  believe  that  competing  ethical 
considerations  justify  not  providing  them. 
Clinicians  should  explain  and  advocate  for  the 
treatment  plan  they  believe  is  appropriate. 

•  Conflicts  regarding  potentially  inappropriate 
treatments  that  remain  intractable  despite 
intensive  communication  and  negotiation 
should  be  managed  by  a  fair  process  of  con¬ 
flict  resolution;  this  process  should  include 
hospital  review,  attempts  to  find  a  willing  pro¬ 
vider  at  another  institution,  and  opportunity 
for  external  review  of  decisions.  When  time 
pressures  make  it  infeasible  to  complete  all 
steps  of  the  conflict  resolution  process  and 
clinicians  have  a  high  degree  of  certainty  that 
the  requested  treatment  is  outside  accepted 
practice,  they  should  seek  procedural  over¬ 
sight  to  the  extent  allowed  by  the  clinical  situ¬ 
ation  and  need  not  provide  the  requested 
treatment. 

•  Use  of  the  term  “futile”  should  be  restricted  to 
the  rare  situations  in  which  surrogates  request 
interventions  that  simply  cannot  accomplish 


their  intended  physiologic  goal.  Clinicians 
should  not  provide  futile  interventions. 

•  The  medical  profession  should  lead  public 
engagement  efforts  and  advocate  for  policies 
and  legislation  about  when  life-prolonging 
technologies  should  not  be  used  [7]. 

This  statement  acknowledges  that  it  is  increas¬ 
ingly  difficult  to  label  a  patient  as  medically 
futile  or  terminally  ill  but  also  recognizes  that  it  is 
common  for  situations  to  arise  in  which  the 
patient  or  surrogates  are  requesting  therapies  that 
are  felt  to  be  inappropriate. 
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MATCH  trial,  312 

POINT  trial,  312 

supportive  care,  308 

tPA  administration,  305-306 

“wake-up”  strokes,  309 

Acute  kidney  injury  (AKI),  395,  600 
biomarkers,  378-380 
case  study,  375-376,  383 
and  CKD,  377-378 
complications  of,  384 
crystalloid  and  colloid  solutions,  389 
diagnosis,  379 

dialysis,  early  initiation,  389-390 
diuretics,  385-386 
etiology  of,  385 

intravenous  fluids,  384-385,  387-389 
life-threatening  complications,  389 
medical  management,  385-387 
nutrition  in,  389 
prevention,  385 

renal  replacement  therapy,  387,  388 


RIFLE,  376 

RRT  for  prevention  of,  399 
serum  creatinine,  376-379 
stage-based  management,  386 
tight  glycemic  control,  389 
with  TLS,  644 
treatments  for,  385 
urine  output,  376-377 

vasodilators  and  growth  factor  interventions,  389 
vasopressors,  384-385 
Acute  limb  ischemia,  707 
Acute  liver  failure  (ALF) 

acetaminophen  overdose,  554 
adverse  outcomes  in,  555 
bioartificial  hepatic  support  systems,  559 
case  study,  551-553 
cerebral  edema  in,  556,  558 
coagulopathy,  554 
diagnostic  evaluation,  555 
etiology,  553-554 
hemodynamic  support,  554-556 
hepatic  encephalopathy,  556 
infection,  556 

intracranial  hypertension  in  ALF  patients,  557 
liver  transplantation,  559 
neurologic  complications,  556-558 
recombinant  factor  Vila 

to  correct  coagulopathy,  558 
infusion  protocol,  557 
renal  insufficiency,  556 
serial  NH3  levels  in  ALF  patients,  559 
targeted  temperature  management,  559 
Acute  lower  gastrointestinal  bleeding  (LGIB) 
appropriate  patient  disposition,  564 
blood  transfusion  goals,  566 
case  study,  561-562 
definition,  562 

diagnostic  imaging  modalities,  567 

differential  diagnosis,  563 

initial  evaluation,  562-563 

initial  resuscitation  and  management,  563-564 

management,  565 

massive  transfusions,  566-567 

mesenteric  angiography,  565-566 

nasogastric  tube  lavage,  564 

predicting  severity  and  outcomes  of,  566 

provocation  testing,  567 

surgery,  566 

urgent  colonoscopy,  564-565 
Acute  lung  injury  (ALI),  190 
Acute  lymphoblastic  leukemia  (ALL),  650 
Acute  myelogenous  leukemia  (AML),  647,  650,  652 
Acute  myeloid  leukemia  (AML),  615,  650,  652 
diagnosis,  616 
treatment,  617 

Acute  myocardial  infarction  (AMI).  See  Myocardial 
infarction 
Acute  pancreatitis 

ACG  recommendations  for  ERCP  in,  548 
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antibiotics,  547 
BISAP  criteria,  546 
case  study,  545-546 
diagnosis,  546 
etiology,  547 

intravenous  fluids,  546-547 
nutritional  support,  548-549 
pain  control,  547 

Acute  promyelocytic  leukemia  (APML),  615,  618 
Acute  renal  failure  (ARF),  398,  644 
Acute  respiratory  distress  syndrome  (ARDS),  659,  695 
Berlin  criteria,  190-191 
case  study,  189-190 
chest  x-ray,  190 
corticosteroids,  195 
diagnosis,  190 
driving  pressure,  192 
ECMO,  195 
evidence  contour,  193 
fluid  management,  193 
helmet  ventilation,  194 
HFOV,  195 

inhaled  vasodilators,  196 
lung  protective  ventilation,  191-192 
mechanical  ventilation,  274 
negative  pressure  ventilation,  52-53 
neuromuscular  blockade,  194-195 
open  lung  ventilation,  192 
oxygenation,  191 
PEEP,  189,  191-194 
P/F  ratio,  190 

pressure  limited  mechanical  ventilation,  194 
prone  ventilation,  192-193 
risk  factors,  190,  193 
subgroups  and  subphenotypes,  193-194 
supportive  care,  193 
transpulmonary  pressure,  194 
ventilatory  considerations  in  face  of,  292 
Acute  respiratory  failure,  694,  695,  698 
clinical  settings,  51 
definition,  49-5 1 
high-flow  nasal  cannula,  53-54 
indications  and  contraindications,  5 1 
negative  pressure  ventilation,  50-53 
palliative  care  indications,  53 
pneumonia,  52 
predictors,  51-52 
Acute  stroke  management 

acute  cerebral  artery  dissection,  310 

anticoagulation,  308-310 

antiplatelets,  310 

atrial  fibrillation,  308-309 

AVERT  randomized  controlled  trial,  310 

basilar  artery  thrombosis,  311 

blood  pressure  strategy,  310 

CAPRIE  study,  312 

CARESS  trial,  312 

case  study,  303-304 

CHANCE  trial,  312 


CREST  trial,  312 
diagnosis,  304-305 
dual- antiplatelet  therapy,  312 
EC  AS,  312 

endovascular  therapy  without  IV  tPA,  311 

endovascular  thrombectomy,  306-308 

FLAME  study,  311 

heart  failure,  308-309 

hemicraniectomy,  310 

ICAS,  311-312 

imaging,  304-305 

MATCH  trial,  312 

POINT  trial,  312 

supportive  care,  308 

tPA  administration,  305-306 

“wake-up”  strokes,  309 

Acute  Study  of  the  Clinical  Effectiveness  of  Nesiritide  in 
Decompensated  Heart  Failure  (ASCEND-HF), 
107-108 

Acute  tubular  necrosis  (ATN),  556,  600 
Acute  tumor  lysis  syndrome.  See  Tumor  lysis  syndrome 
(TLS) 

Acute  viral  illness,  521 
ADAMTS-13,  620 

activity  level,  606,  607 
deficiency,  606 
Addisonian  crisis,  434-436 
Addison’s  disease.  See  Adrenal  insufficiency 
Adhesion,  681-682,  685 
Adhesive  SBO  (ASBO) 
diagnosis,  683 
treatment,  684 

Adjunctive  dexamethasone,  321 
Adrenal  deficiency,  407 
Adrenal  insufficiency 
absolute,  434-435 

ACTH  stimulation  test,  435-436,  438 
case  study,  433-434 
diagnostic  criteria,  436 

etomidate  and  opiates  role  in  development  of,  439 
primary,  434 
random  cortisol,  436 
relative,  435 

salivary  cortisol  testing,  438 
secondary,  434 

serum  cortisol  measurement,  435 
steroid  replacement 

additional  testing,  437-438 
concurrent  fluid  management,  437 
dose  and  duration,  436-437 
in  septic  shock,  438 
steroid  selection,  436 
tertiary,  434 
test  results,  435 

Adrenocorticotropic  hormone  (ACTH),  434 
stimulation  test,  435-436,  438 
test,  465 

Adult  respiratory  distress  syndrome,  261 
Advanced  cardiac  life  support  (ACLS),  87,  776 
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Advanced  Trauma  Life  Support  (ATLS)  guidelines,  665 
AFLP.  See  Acute  fatty  liver  of  pregnancy  (AFLP) 

AH.  See  Alcoholic  hepatitis  (AH) 

Airway  disease,  745 
Airway  obstruction,  745 

Airway  pressure  release  ventilation  (APRV),  194,  292 
Alberta  Stroke  Program  Early  CT  Score  (ASPECTS), 
303,  308 
Albumin,  585 

hypovolemic  shock,  43 
Alcoholic  cirrhosis,  593 
decompensated,  592 
Alcoholic  hepatitis  (AH),  590 
acute,  599 

prognosis  in,  591-593 
Alcoholic  liver  disease  (ALD) 
case  study,  589-590 
classification,  590-591 
intubation  for  EGD,  601 
management,  597 

nutritional  and  micronutrient  supplementation,  597 
spectrum  of,  591-592 

upper  GI  bleeding  in  patients  with,  597-600 
Alcoholic  pancreatitis,  545 
Alcohol  intoxication,  accidental  hypothermia,  88 
Alcohol  scale,  clinical  institute  withdrawal  assessment 
of,  594 

Alcohol  use  disorders  (AUD),  590 
diagnostic  criteria  for,  593 
ICU  management  of,  595-596 
intubation  for  EGD,  601 
management,  597 

nutritional  and  micronutrient  supplementation,  597 
Alcohol  withdrawal  delirium,  767 
Alcohol  withdrawal  syndrome  (AWS),  590 
antipsychotics,  769 
case  study,  765-766 
central  alpha  2  agonists,  768-769 
diagnosis,  766-767 
diagnostic  criteria  for,  593 
ICU  management  of,  595-596 
initial  phase  of  care,  767 
optimal  medications  for,  600 
patient  disposition,  768 
phenobarbital,  768 
propofol,  768 

ALD.  See  Alcoholic  liver  disease  (ALD) 

Aldehyde  dehydrogenase  (ADH)  blockade,  77-79 
ALF.  See  Acute  liver  failure  (ALF) 

Alkalinization,  urine,  79,  398 

ALL.  See  Acute  lymphoblastic  leukemia  (ALL) 

Allopurinol,  643 

All-trans-retinoic  acid  (ATRA),  616,  617 
Altered  mental  status  (AMS),  53,  201,  341,  631 
American  Academy  of  Neurology,  368 
American  Heart  Association  (AHA),  87,  367 
American  Thoracic  Society  (ATS),  258-260 
Amiodarone,  ventricular  arrhythmias,  157-158 
Amniotic  fluid  debris,  739 
Amniotic  fluid  embolism  syndrome  (AFE) 


anaphylactoid  reaction,  738,  739 
case  study,  737 
complement  activation,  738 
diagnosis,  737-739 
fetus  delivery,  739 
hemodynamic  support,  739 
initial  assessment,  738 
management,  738,  740 
oxygenation,  738-739 
pathophysiology,  738 
ventilation/perfusion  mismatching,  738 
ANCA.  See  Antineutrophil  cytoplasic  antibody  (ANCA) 
Anemia,  504-505 

microangiopathic  hemolytic,  608 
Anesthetics,  status  asthmaticus,  212 
Angiodysplasias,  563 
Angioectasia,  563 
Angioembolization 

for  blunt  solid  organ  injury,  668 
of  hepatic  injury,  668 
Angiography,  mesenteric,  562,  565-566 
Angiotensin  converting  enzyme  inhibitors  (ACE-I),  734 
Angiotensin  II  receptor  blockers  (ARBs),  734 
Anion  gap,  73-76 

metabolic  acidosis,  420 
Anoxic  brain  injury 
AAN  guidelines,  369 
case  study,  363 
diagnosis,  365 

neurologic  prognostication,  368-369 
normothermia,  366,  368 
supportive  care,  366-367 
therapeutic  hypothermia,  365-368 
Anti- arrhythmic  drug  therapy 
TC  A  toxicity,  62 
ventricular  arrhythmias,  159 
Antibiotics 

bacterial  meningitis,  319-321 
COPD  exacerbation,  201 
prophylaxis,  359-360 
Anticoagulant,  227,  445,  531-532,  734 
ACS,  116 

acute  stroke  management,  308-310 
IPF,  268 

prophylactic,  222 
Anticonvulsants,  769 
Antidiuretic  hormone  (ADH),  414 
syndrome  of  inappropriate,  406-407 
Anti-epileptic  drugs  (AEDs) 
prophylactic  use,  358-359 
status  epilepticus,  336-338,  340-342,  367 
Antifibrinolytics,  hemorrhagic  shock,  42-43 
Antigen  rapid  detection  test  (RDT),  506 
Antihypertensive  therapy,  750 
Anti-ischemic  therapy,  acute  coronary  syndrome, 
114-115 

Antimicrobial  therapy,  endocarditis,  174 
Antineutrophil  cytoplasic  antibody  (ANCA),  297,  299, 
394 

Antiplatelet  therapy,  611 
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for  acute  coronary  syndrome,  115-116 
acute  stroke  management,  310 
Antipsychotics,  769 
delirium,  247 

Antithrombin  III  (ATIII),  618,  623 
Anti-thrombotic  therapy,  115 
Anuria,  753 
Aortic  arch  dissections 
diagnosis  of,  168 
management  of  patients  with,  169 
surgical  intervention  for,  168-170 
types  of,  167 
aPCC,  531 

ARDS.  See  Acute  respiratory  distress  syndrome 
(ARDS) 

ARF.  See  Acute  renal  failure  (ARF) 

Arrhythmias,  cardiac,  643-644 

Arterial  blood  gases,  monitoring  of,  208 

Arterial  blood  pressure,  4 

Arterial  brachial  index  (ABI),  707,  708 

Arterial  extravasation  (AE),  669 

Arterial  ischemia,  acute.  See  Acute  arterial  ischemia 

Arthralgias,  5 1 3-5 1 5 

ASBO.  See  Adhesive  SBO  (ASBO) 

Ascitic  fluid,  582 
infections,  583 
Aspergillosis,  218 
invasive 

antifungal  resistance,  475 
antifungal  therapy,  474 
combination  therapy,  475 
monotherapy,  474-475 
risk  factors,  473 
Aspergillus,  invasive 

antifungal  resistance,  475 
case  study,  471-472 
diagnostic  approach,  472-473 
evidence  contour,  475-476 
Aspiration,  744 
Aspirin,  ACS,  115 

Asthma,  745.  See  also  Status  asthmaticus 
and  bronchodilators,  207,  211 
exacerbation,  52 
life-threatening,  207,  211 
Asymptomatic  hepatic  steatosis,  591 
Atrial  fibrillation 

acute  stroke  management,  308-309 
case  study,  145-146 
diagnosis,  146 

management  challenges,  150-151 
physiologic  effects,  146-147 
treatment,  147-149 
Atropine,  67-68 

AUD.  See  Alcohol  use  disorders  (AUD) 
Autoimmune  disease,  434 
Automated  external  defibrillator  (AED),  3 
Autonomic  dysfunction,  NMS,  350 
Autonomy,  774,  776,  777 
Autopsy,  395 

AWS.  See  Alcohol  withdrawal  syndrome  (AWS) 


B 

Bacterascites,  non-neutrocytic,  586 
Bacterial  meningitis 

antibiotic  therapy,  319-321 

case  study,  317-318 

CSF  shunts,  323-324 

diagnosis,  319 

epidemiology,  319 

GNB  meningitis,  323 

gram  stain  appearance,  321 

hypothermia,  323 

intracranial  pressure,  323 

Kemig’s  and  Brudzinski’s  signs,  318 

long  term  neurologic  complications,  321-322 

meningococcemia,  322-323 

post  exposure  prophylaxis,  324 

steroids,  320-321 

Bacterial  peritonitis,  secondary,  582,  583 

Bacterial  pneumonia,  745 

BAE.  See  Bronchial  artery  embolization  (BAE) 

BAL.  See  Bronchoalveolar  lavage  (BAL) 
Balloon-occluded  retrograde  transvenous  obliteration 
(BRTO),  540-541 

Barotrauma,  194-195,  207,  210-211 
Basilar  artery  thrombosis,  311 
Benzodiazepines,  600,  765,  767 
NMS,  351 

with  sedation,  245-246 
Beta-adrenergic  agonists,  side  effects  of,  200 
Beta-adrenergic  blockers,  ACS,  114 
Beta  blockers,  428 
therapy,  466 

ventricular  arrhythmias,  157 
Bicarbonate  infusion 
in  lactic  acidosis,  466 
rhabdomyolysis,  398 

Bilevel  positive  airway  pressure  (BPAP),  50,  201 
Bi-level  ventilation,  194 
Biliary  infections 

case  study,  719-720 
diagnosis,  720,  723 
duration  of  antibiotics,  723-724 
intervention,  722,  724-725 
medical  management,  721-722 
severity  assessment,  720-721 
surgical  management,  722 
treatment,  722 

Bioartificial  hepatic  support  system,  ALF,  559 
Biomarkers 

acute  kidney  injury,  378-380 
hemophagocytic  lymphohistiocytosis,  628-629 
Bivalirudin,  116 
Blackwater  fever,  495 
Bleeding,  511 
gum,  509,  510 
Blood  chemical  values,  394 
Blood  pressure  control 

acute  ischemic  stroke,  310 
hypertensive  crises,  142 
septic  shock,  466 
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Blood  urea  nitrogen  (BUN),  375,  376 
Blunt  abdominal  trauma 

balanced  resuscitation,  667 
blunt  solid  organ  injury 
angioembolization,  668 
nonoperative  management,  667-668 
case  study,  665 
follow-up  imaging,  669-670 
imaging  and  diagnosis,  667 
nonoperative  management,  669 
post-splenectomy  vaccinations,  668 
unstable  vs.  stable,  666-667 
venous  thromboembolism  prophylaxis,  670 
Blunt  chest  trauma,  659 
Blunt  hollow  viscus  injury,  667 
Blunt  solid  organ  injury 

angioembolization  for,  668 
nonoperative  management  of,  667-668 
BO.  See  Bronchiolitis  obliterans  (BO) 

Body  cavity  lavage,  86 

Bolus  therapy,  hyponatremia,  403 

Bone  marrow  biopsy,  625,  647 

BOS.  See  Bronchiolitis  obliterans  syndrome  (BOS) 

Bowel  ischemia,  682 

BPAP.  See  Bilevel  positive  airway  pressure  (BPAP) 
Brain  edema,  401,  403,  407 
Brain  natriuretic  peptide  (BNP),  732 
Brain  tissue  oxygen  (Pbt02),  355,  359 
Brincidofovir,  493 
Bromocriptine,  NMS,  345,  352 
Bronchial  artery  embolization  (BAE),  236,  238-239 
Bronchiolitis  obliterans  (BO),  637 
Bronchiolitis  obliterans  syndrome  (BOS),  631,  633,  634 
Bronchoalveolar  lavage  (BAL),  265-266,  297,  635 
community  acquired  pneumonia,  181,  183 
Bronchodilators 

asthma  and,  207,  211 
COPD  exacerbation,  200 
Bronchoscopy,  625 
hemoptysis,  237,  238 
status  asthmaticus,  212 

BRTO.  See  Balloon-occluded  retrograde  transvenous 
obliteration  (BRTO) 

Brudzinski’s  signs,  318 
B-type  natriuretic  peptide  (BNP),  107 
Burch  and  Wartofsky  scoring  system,  429 
Burkitt’s  lymphoma,  642 

C 

Calcium  channel  blocker  poisonings 
atropine,  67-68 
calcium  salts,  67 
case  study,  66 

extracorporeal  albumin  dialysis,  70 
gastrointestinal  decontamination,  66-67 
glucagon,  67 

high-dose  insulin  therapy,  68 
intravenous  lipid  emulsions,  69-70 


invasive  circulatory  support,  68-69 
methylene  blue,  70 
sodium  bicarbonate,  70 
vasopressor  support,  68 
Caloric  goals,  in  critical  illness,  577 
CALORIES  Trial,  577 

CAM-ICU.  See  Confusion  Assessment  Method  for  the 
ICU  (CAM-ICU) 

Cane-cutter  fever.  See  Leptospirosis 
Canicola  fever.  See  Leptospirosis 
CAP.  See  Community  acquired  pneumonia  (CAP) 
Capnography,  4 
Cardiac  arrest 
case  study,  4-5 
causes,  6-7 

chest  compressions,  4-5 
defibrillation,  6 

hemodynamic  directed  resuscitation,  9 

hypothermia  and,  365-369 

mechanical  and  manual  compressions,  7-9 

oxygen  and  ventilation,  5-6 

quality  assurance,  4,  7 

recognition,  of  sudden  cardiac  arrest,  5 

resuscitation,  4-7 

Cardiac  arrhythmias,  prevention,  643-644 
Cardiac  Intensive  Care  Unit  (CICU),  95 
Cardiac  MR,  729-730 
Cardiac  pump  theory,  7 
Cardiac  tamponade,  121,  124 
case  study,  129-131 
clinical  findings,  131 
closed  pericardiocentesis,  133 
ECG,  130 
ECP,  133-134 

hemodynamic  derangements,  131 
invasive  diagnostic  testing,  132-133 
non-invasive  diagnostic  testing,  131-132 
surgical  drainage,  133 
Cardiac  transplantation,  734 
Cardiogenic  pulmonary  edema,  738 
Cardiogenic  shock,  26,  28-29,  738,  739 
case  study,  95-96 
diagnosis,  96 

early  revascularization,  96-97 
mechanical  circulatory  support,  99-101 
percutaneous,  97-98 
temporary  surgical,  98-99 
multivessel  revascularization,  99 
myocardial  infarction,  123-127 
vasopressors/inotropes,  97 
Cardiopulmonary  bypass  (CPB),  84 
Cardiopulmonary  collapse,  738-739 
Cardiopulmonary  resuscitation  (CPR),  5-6,  776 
quality  assurance,  4,  7 
Cardiorenal  syndrome,  385,  386 
CARESS  trial,  AIS,  312 

CAS.  See  Central  anticholinergic  syndrome  (CAS) 
CDI.  See  Clostridium  difficile  infection  (CDI) 
Ceftriaxone,  535 
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Central  alpha  2  agonists,  768-769 
Central  anticholinergic  syndrome  (CAS),  347,  350 
Central  venous  catheter  (CVC)  placement,  490 
Central  venous  pressure  (CVP),  460 
RV  dysfunction,  289-290 
Cerebral  contusion,  356,  357 

Cerebral  edema,  366,  367,  414,  415,  422,  444,  556,  558 

Cerebral  malaria,  504 

Cerebral  microdialysis,  359 

Cerebral  perfusion  pressure  (CPP),  46 

Cerebral  salt  wasting  (CSW),  414 

Cerebrospinal  fluid  (CSF) 

bacterial  meningitis,  319,  324 
shunts,  323-324 
status  epilepticus,  336,  337 
Cerebrovascular  accidents  (CVAs),  147 
Cl  esterase  inhibitor,  739,  740 
CHADS2-Vasc  score,  147,  148 
CHANCE  trial,  AIS,  312 
Chemical  injury,  703 
Chest  compressions,  4-5 
Chest  CTA,  163,  164,  166 
Chest  pain,  166,  167 
Chest  x-ray  (CXR),  50 
acute  heart  failure,  103 
acute  thermal  injury,  701 
ARDS,  190 
bilateral  infiltrates,  648 
diffuse  alveolar  hemorrhage,  296,  298 
immunocompromised  pneumonia,  216 
lateral,  458 
PA,  457 

peripartum  cardiomyopathy,  730 
pulmonary  edema,  163,  172 
respiratory  diseases  of  pregnancy,  743 
thoracic  trauma,  658,  660 
weaning  from  mechanical  ventilation,  274 
Chikungunya,  509 
case  study,  513-514 
diagnosis,  514-515 
epidemiology,  515,  516 
treatment,  515 
volume  management,  515 
Cholangitis,  acute,  720,  721 
Cholecystectomy,  delayed  interval,  724 
Cholecystitis 

acalculous,  724 
acute,  720,  721 

Cholecystostomy,  percutaneous,  724 
Chronic  hyponatremia,  vs.  acute  hyponatremia,  407 
Chronic  kidney  disease  (CKD),  377-378 
Chronic  lymphocytic  leukemia  (CLL),  641,  650 
Chronic  obstructive  pulmonary  disease  (COPD), 
471,697 

acute  exacerbation  of,  199-200 
CIRCI.  See  Critical-illness  related  corticosteroid 
insufficiency  (CIRCI) 

Cirrhosis,  539,  598 
alcoholic,  593 


Clevidipine,  hypertensive  crises,  138,  139 
Clinical  Institute  Withdrawal  Assessment  scale  for 
Alcohol,  Revised  (CIWA-Ar),  765,  766 
Clinical  pulmonary  infection  score  (CPIS), 

259,  260 

CLL.  See  Chronic  lymphocytic  leukemia  (CLL) 
Clostridium  difficile  infection  (CDI) 

capsulized  frozen  fecal  microbiota,  572 
case  study,  569 
diagnosis,  570 

epidemiology  and  infection  control,  571-572 
fecal  microbiota  transplant,  572 
investigational  antibiotics,  572 
medical  therapies,  571 
monoclonal  antibodies  and  vaccines,  572 
probiotics,  572 
risk  factors,  570 
severity  of  disease,  570 
spores,  nontoxogenic,  572 
surgical  intervention,  571 
symptoms,  569-570 
treatment  recommendations,  571 
Coagulopathy,  504-505,  531,  554 
acute,  management  of,  620-622 
Cognitive  impairment,  282,  284,  285 
Cognitive  rehabilitation,  284-285 
Colorectal  cancer,  563 

Community-acquired  MRS  A  (CA-MRSA),  186 
Community  acquired  pneumonia  (CAP) 
case  study,  181 

community-acquired  MRS  A,  1 86 
corticosteroids,  186 
diagnostic  testing,  182-183 
empirical  vs.  pathogen-directed  therapy, 
183-185 

epidemiologic  conditions,  184 
IDS  A/ ATS  minor  criteria,  182 
microbial  culprits,  183 
multidrug  resistant  pathogens,  185 
parapneumonic  effusions,  185 
procalcitonin,  186 
risk  factors,  184 
site-of-care  decisions,  181-182 
Compartment  syndrome,  398 
abdominal,  688,  689 
abdominal  perfusion  pressure,  690 
case  study,  687-688 
decompression,  689 
dermotraction,  691 
diagnosis,  688 
extremity,  689-690 
fluid  management,  690-69 1 
infraed  spectroscopy,  69 1 
percutaneous  drainage,  69 1 
wound  management,  690 

Complicated  parapneumonic  effusion  (CPPE),  185 
Computed  tomographic  pulmonary  angiography 
(CTPA),  223-226 
RV  failure,  287-289 
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Computed  tomography  (CT) 
acute  ischemic  stroke,  304 
anoxic  brain  injury,  363,  364,  366,  369 
aspergillosis,  218 
of  cerebrum,  401,  402 
diffuse  alveolar  hemorrhage,  296,  297 
endocarditis,  175 
ICH,  328,  329 

immunocompromised  pneumonia,  216,  217 
IPF,  267 
pneumonia,  287 
TBI,  355-358 

Confusion  Assessment  Method  for  the  ICU  (CAM-ICU), 
241,  242,  244 
Congenital  disease,  434 
Conjunctival  suffusion,  519-521 
Conjunctivitis,  514 
Consumptive  coagulopathy,  619 
Continuous  arteriovenous  rewarming  (CAVR),  86-87 
Continuous  electroencephalographic  (cEEG)  monitoring, 
369 

Continuous  positive  airway  pressure  (CPAP),  50 
Continuous  venovenous  hemofiltration  (CVVH),  556 
Continuous  venovenous  rewarming  (CVVR),  86-87 
Contrast-enhanced  ultrasonography  (CEUS),  379 
Convalescent  plasma,  493 
Convulsive  status  epilepticus  (CSE),  337 
Coronary  angiography,  post-cardiac  arrest  syndrome, 

14, 19-20 

Coronary  perfusion  pressure  (CPP),  4 
Corticosteroids,  599 
ARDS,  195 

community  acquired  pneumonia,  186 
COPD  exacerbation,  200-201 
IPF,  267 

replacement,  449 
role,  522-523 
status  asthmaticus,  207 
systemic,  762 
CORTICUS  trial,  465 

CPIS.  See  Clinical  pulmonary  infection  score  (CPIS) 
CPR.  See  Cardiopulmonary  resuscitation  (CPR) 
C-reactive  protein  (CRP),  720 
Creatine  kinase  (CK),  346,  350,  395 
CREST  trial,  AIS,  312 
Critical  illness,  PICS,  281-285 
Critical-illness  related  corticosteroid  insufficiency 
(CIRCI),  435 

decision  tree  for  investigation,  437 
CRP.  See  C-reactive  protein  (CRP) 

Crystalloids,  667 

CSE.  See  Convulsive  status  epilepticus  (CSE) 

CT  angiography  (CTA),  707-709 
hemoptysis,  236 
pulmonary  angiogram,  266 
Cuff  leak  test,  275 
CURB -65  Score,  182 

CVC  placement.  See  Central  venous  catheter  (CVC) 
placement 


CVVH.  See  Continuous  venovenous  hemofiltration 
(CVVH) 

Cyclophosphamide 

diffuse  alveolar  hemorrhage,  296,  299 
IPF,  268-269 
Cyclosporin  A,  269 
Cystic  fibrosis,  746 
Cytomegalovirus  (CMV),  193,  636 
Cytoxan.  See  Cyclophosphamide 

D 

Dabigatran,  531 

DAH.  See  Diffuse  alveolar  hemorrhage  (DAH) 

Damage-control  resuscitation  (DCR)  protocol,  690 

Dantrolene,  NMS,  345,  351-352 

Decision  making,  life  support,  776-777 

Decontamination,  487 

Deep  venous  thrombosis  (DVT),  222-223 

De-escalate  antimicrobial  therapy,  259 

Defibrillation,  6 

Dehydration,  442-443 

Delayed  interval  cholecystectomy,  724 

Delirium 

antipsychotics,  247 
case  study,  241-242 
component,  243 
long-term  outcomes,  247 
monitoring,  242 
prevention  of,  247 
risk  factors  for,  242-244 
sedation  and,  246-247 
Delirium  tremens  (DTs),  595-596,  765-767 
Demyelination,  osmotic,  407 
Dengue 

aspects  of  care,  511 
case  study,  509-510 
classification,  510 
illness  and  diagnosis,  510-511 
management,  principles,  510 
supportive  treatment,  511 
volume  replacement,  511 
Dengue  hemorrhagic  fever  (DHF),  510 
Dengue  shock  syndrome  (DSS),  510 
Descending  thoracic  aorta  (DTA),  234-235 
Desmopressin,  402,  405 
Dexamethasone,  bacterial  meningitis,  320-321 
Dexmedetomidine,  246,  601,  768,  769 
DHF.  See  Dengue  hemorrhagic  fever  (DHF) 
Diabetes  mellitus,  441,  442 
Diabetic  ketoacidosis  (DKA) 
bicarbonate  infusion,  422 
case  study,  419-420 
complications,  422 
diagnosis,  420 
electrolyte  repletion,  421 
euglycemic,  422,  424 
fluid  replacement  therapy,  420-421 
fluid  resuscitation,  419,  421,  422 
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vj.  HHS,  443 

insulin  therapy,  421,  422 

management  algorithm,  423 

potassium  and,  419,  421 

precipitating  condition,  treatment,  421-422 

site  of  care,  422 

Diagnostic  peritoneal  aspiration  (DPA),  666 
Diagnostic  peritoneal  lavage  (DPL),  666 
Dialysis,  initiation  of,  389-390 
Diarrhea,  watery,  569 
DIC.  See  Disseminated  intravascular 
coagulation  (DIC) 

Diffuse  alveolar  hemorrhage  (DAH),  635 
case  study,  295-296 
classification,  298 
diagnosis,  298-299 
differential  diagnosis,  296-298 
recombinant  Factor  VII,  299 
Rituximab,  299 
treatment,  299 

Digoxin,  ventricular  arrhythmias,  159 
Dihydropyridine,  65 
Dilated  cardiomyopathy,  730 
Direct  current  cardioversion  (DCCV),  148 
Direct  factor  Xa  and  thrombin  inhibitors,  230 
Disseminated  intravascular  coagulation  (DIC), 

322,  398,  750 
antithrombin  III,  618,  623 
case  study,  615-616,  619-620 
causes  of,  617,  620 
diagnosis,  620 
differential  diagnosis,  616 
heparin  therapy,  617,  622 
laboratory  profile  of,  616-617 
peripheral  smear  of,  620 
recombinant  factor  Vila,  618 
rhabdomyolysis,  398 

supportive  care/blood  product  transfusion  for,  617 
thrombomodulin-a,  623 
thrombotic  predominant,  622 
treatment,  617,  620,  753 
Disseminated  strongyloides  infection,  480 
Distributive  shock,  26,  28 

DITMA.  See  Drug-induced  thrombotic  microangiopathy 
(DITMA) 

Diuretic  dosing 

acute  heart  failure,  105,  107 
AKI,  385-386 

Diuretic  Optimization  Strategies  Evaluation  (DOSE), 
107 

Diverticulitis,  Hinchey  classification  for,  679 
Diverticulosis,  563 
Do-not-intubate  (DNI)  orders,  202 
Do  Not  Resuscitate  (DNR),  773,  776 
Dopamine,  108,  461 

DPA.  See  Diagnostic  peritoneal  aspiration  (DPA) 

DPL.  See  Diagnostic  peritoneal  lavage  (DPL) 

Driving  pressure,  ARDS,  192 
Drug-eluting  stents  (DES),  119 


Drug-induced  thrombotic  microangiopathy 
(DITMA),  611 

Drug-resistant  pathogens  (DRP),  185 
DSS.  See  Dengue  shock  syndrome  (DSS) 
DTA.  See  Descending  thoracic  aorta  (DTA) 
DTs.  See  Delirium  tremens  (DTs) 

Dual  antiplatelet  therapy  (DAPT),  312 
acute  coronary  syndrome,  119 
acute  stroke  management,  312 
Dual-lumen  endotracheal  tubes,  237-238 
DVT.  See  Deep  venous  thrombosis  (DVT) 
Dysautonomia,  in  NMS,  351 
Dysmotility,  577 
Dyspnea,  743 


E 

Early  goal  directed  therapy  (EGDT),  463 
Ebola  virus  disease  (EVD) 
active  screening,  486 
case  study,  485 
clinical  care,  488 

bedside  assessments,  489 
monitoring,  489 
team  structure,  488-489 
CVC  placement,  490 
decontamination,  487 
diagnostic  evaluation,  491-492 
diagnostic  testing 
blood  analysis,  489 
imaging,  489 
invasive  procedures,  489 
emergency  response  teams,  490 
endotracheal  intubation,  490 
establishing  likelihood  of,  491 
evidence  contour,  492 
fluid  and  electrolytes,  491-492 
infection  control,  485-486 
isolation,  485-486 
mechanical  ventilation,  492 
modality,  490 
nutrition,  492 

personal  protective  equipment  (PPE),  485-490 
protocols  and  policies,  486 
provisions  of  care,  493 
renal  replacement  therapy,  492 
specimen  collection  and  handling,  486-487 
staffing  model,  493 
supportive  therapy,  491 
targeted  therapy,  493 
testing  for,  49 1 
waste  management,  487-488 
Ecchymosis,  518 

from  thrombocytopenia,  497 
Echinocandins,  475 
Eclampsia,  750,  751 

antenatal  steroids  and  delivery,  752 
magnesium  sulfate  therapy,  753 
treatment  of,  752 
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ECLS.  See  Extracorporeal  life  support  (ECLS) 
ECMO.  See  Extracorporeal  membrane  oxygenation 
(ECMO) 

Edema 

origin  of,  190 

pulmonary  ( see  Pulmonary  edema) 
Effusive-constrictive  pericarditis  (ECP),  133-134 
EGDT.  See  Early  goal  directed  therapy  (EGDT) 
Ehrlichiosis,  521 
Electrical  injury,  703 

Electroconvulsive  therapy  (ECT),  342,  345,  352 
Electroencephalogram  (EEG) 
anoxic  brain  injury,  369 
status  epilepticus,  335-338,  341 
Electrolyte-free  water  clearance  (EFWC),  402 
Elevated  intracranial  pressure,  319,  324,  356 
ELISA  IgM  test,  509-510,  514 
Embolic  stroke,  175 
Embolization,  238-239,  565 
Emergency  coronary  angiography,  19-20 
Emergency  department  (ED) 

neuroleptic  malignant  syndrome,  345 
status  epilepticus,  335,  337 
TBI,  356 

Enalaprilat,  hypertensive  crises,  140,  141 
Encephalopathy,  hepatic,  556 
Endocarditis 

antimicrobial  therapy,  174 
cardiac  device  related,  176 
case  study,  171-172 
diagnosis,  173-174 
epidemiology,  172-173 
follow-up  evaluation,  174 
indications  for  surgery,  174 
microorganism,  173 
Modified  Duke  criteria,  173,  176 
neuroimaging  in,  175 
non-emergent  surgery,  timing  of,  175 
septic  cerebral  embolic  stroke,  175 
valve  repair  vs.  replacement,  175-176 
End  of  life  (EOL)  care,  774,  775 
End-organ  perfusion,  289 
Endoscopic  biliary  drainage,  722 
Endoscopic  retrograde  cholangiopancreatography 
(ERCP),  719,  720,  724-725 
Endovascular  rewarming,  hypothermia,  89 
Endovascular  therapy,  without  IV  tPA,  311 
Endovascular  thrombectomy,  306-308 
Engraftment  syndrome,  636 
Enteral  feeding,  548,  575-576 
Enteral  nutrition  (EN),  575,  577 
Entero-atmospheric  fistula  (EAF),  690 
EOLIA  trial,  699 

Eosinophilic  granulomatosis  with  polyangiitis 
(EGPA),  298 

Epidural  hematoma,  357-358 
Erythromycin,  535 
Esmolol 


acute  aortic  syndromes,  166 
hypertensive  crises,  137,  140 
Esophageal  varix,  537 

Esophagogastroduodenoscopy  (EGD),  535,  537,  539 
intubation  for,  601 
Ethylene  glycol  ingestion 

aldehyde  dehydrogenase  blockade,  77-79 
case  study,  73-74 
cofactor  supplementation,  79 
diagnosis,  74-76 
fomepizole  vs.  ethanol,  78 
gastric  decontamination/lavage/charcoal,  77 
hemodialysis,  78 
methanol,  79-80 
serum  and  urine  alkalization,  79 
ventilator  and  circulatory  support,  77 
Etomidate,  439 
Etoposide,  626,  628 
Euglycemic  DKA,  422,  424 
European  Hypothermia  after  Cardiac  Arrest 
(HACA),  365 

EVD.  See  Ebola  virus  disease  (EVD) 

Extended  Focused  Assessment  with  Ultrasound  in 
Trauma  (E-FAST),  39,  40 
Extracorporeal  cardiopulmonary  resuscitation 
(ECPR),  84 

Extracorporeal  C02  Removal  (ECC02R),  697 
Extracorporeal  life  support  (ECLS) 

IPF,  269 

status  asthmaticus,  212 

Extracorporeal  membrane  oxygenation  (ECMO), 

84,  292,  747 
ARDS,  195 
case  study,  693-694 
contraindications,  696 
ECC02R,  697 
indications,  694-696 
management,  696 

Murray  score  for  consideration  of,  696 
outcome  prediction,  698-699 
post-ECMO  considerations,  697 
prolonged,  698 
trial  data,  698 
weaning  off  of,  696 
Extracorporeal  plasmapheresis,  430 
Extracorporeal  rewarming,  hypothermia,  86-87 
Extracranial  arterial  stenosis  (ECAS),  312 
Extremity  compartment  syndrome,  689 
Ezetimibe,  in  ACS,  119 

F 

Falciparum  malaria.  See  Malaria 
FAM  therapy,  637 
Fasciotomy,  688-690,  710 

FAST.  See  Focused  assessment  with  sonography  in 
trauma  (FAST) 

Fecal  microbiota  transplant,  572 
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Feedings 

enteral,  548,  575-576 
in  pancreatitis,  548 
trophic,  576 

Fenestrated  tracheostomy  tube,  253,  255 
Fenoldopam,  hypertensive  crises,  139,  141 
Fever.  See  also  Leptospirosis 
Blackwater,  495 
NMS,  345,  347,  350 
Fibrinolysis,  111,  114,  116 
Fibrosis 

cystic,  746 

IPF  (see  Idiopathic  pulmonary  fibrosis  (IPF)) 
Fidaxomicin,  571 
Flexible  bronchoscopy,  237 
Fluid  management 
ARDS,  193 

rhabdomyolysis,  396,  398 

Focused  assessment  with  sonography  in  trauma  (FAST), 
355, 665, 666 
Foley  urinary  catheter,  751 
Folic  acid,  methanol  ingestion,  80 
Fomepizole,  77 

aldehyde  dehydrogenase  blockade,  78 
Fondaparinux,  116 
Free  T3  (triiodothyronine),  426,  427 
Free  T4  (thyroxine),  426,  427 

Fresh  frozen  plasma  (FFP),  531,  606,  609-611,  617,  622 
Frisen  Scale,  136,  137 
Futility,  ICU,  777-778 

G 

Gallstone  pancreatitis,  545,  547 
Gastric  decontamination,  77 
Gastric  residuals,  576-577 
Gastrointestinal  bleed  (GIB) 

anticoagulant,  reversal,  531-532 
blood  transfusion,  529 
case  study,  527 
clinical  factors,  528 
coagulopathy,  reversal,  531 
diagnosis,  527-528 
nasogastric  lavage,  529-530 
proton  pump  inhibitor  therapy,  529,  530 
risk  stratification,  528-529 
salvage  therapy,  530-531 
thrombocytopenia,  531 
warfarin,  reversal,  531 
Gastrointestinal  decontamination,  66-67 
Geneva  Score,  pulmonary  embolism,  223-224 
German  Registry  for  Acute  Aortic  Dissection  Type  A 
(GERAADA)  study,  170 
GIB.  See  Gastrointestinal  bleed  (GIB) 
Glasgow-Blatchford  Score  (GBS),  528 
Glasgow  Coma  Scale/Score  (GCS),  39,  83 
ICH,  330 
TBI,  355-358 


Glasgow  Motor  Score  (GMS),  19 
Glomerulonephritis,  298,  299 
Glucagon,  calcium  channel  blocker  poisonings,  67 
Glucocorticoids,  428 

Glycoprotein  Ilb/IIIa  inhibitors,  ACS,  116 
Graft  versus  host  disease  (GVHD),  631,  633-634 
Gram  negative  bacilli  (GNB)  meningitis,  323 
Granulocyte  colony-stimulating  factor  (G-CSF),  476 
Granulomatosis  with  polyangiitis  (GPA),  298 

H 

Hamman’s  syndrome,  746 
Hantavirus,  521 
HAS-BLED  score,  147,  148 

HCT.  See  Hematopoietic  stem  cell  transplantation  (HCT) 
Healthcare-associated  pneumonia  (HCAP),  182 
Heart  failure.  See  also  Acute  heart  failure  (AHF) 
acute  stroke  management,  308-309 
medical  therapy  for,  733-734 
Heart  failure  with  preserved  ejection  fraction  (HFpEF), 
104 

Heart  failure  with  reduced  ejection  fraction  (HFrEF), 

104,  729 

Heart  rate  control,  in  septic  shock,  466-467 
Heliox,  status  asthmaticus,  211 
HELLP  syndrome,  750-752 

antenatal  steroids  and  delivery,  752 
dexamethasone  therapy  in,  754 
magnesium  sulfate  therapy,  753 
Helmet  ventilation,  ARDS,  194 
Hematochezia,  561,  562,  564 
Hematologic  values,  394 
Hematopoietic  stem  cell  transplantation  (HCT) 
case  study,  631-632 
etiology,  632 
GVHD,  633-634 
infectious  complications,  635 
primer  on,  632-633 
prognosis,  638 

pulmonary  complications,  634-637 
recovery  from,  634-635 
respiratory  failure,  634,  637-638 
Hemicraniectomy,  310 
Hemodialysis,  ethylene  glycol  ingestion,  78 
Hemodynamics,  288,  290-292 
directed  resuscitation,  9 
Hemoglobinuria,  518 
Hemolysis,  504 

Hemolytic  anemia,  microangiopathic,  608 
Hemolytic  uremic  syndrome,  606,  607 
Hemophagocytic  lymphohistiocytosis  (HLH) 
biomarker  testing,  628-629 
case  study,  625-627 
diagnosis,  627,  628 
presentation,  627 
prognosis,  628 
treatment,  627-628 
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Hemoptysis,  295,  296,  298,  299 

approach  to  managing  life  threatening,  236-237 
assessment,  237 
case  study,  233 
causes  of,  236 
clinical  algorithm  to,  235 
computed  tomography,  234 
CT  angiography,  236 
diseases  associated  with,  236 
dual  lumen  vs.  unilateral  airway  intubation,  237-238 
epidemiology,  234 
plain  radiographs,  236 
recurrent  bleeding,  238-239 
rigid  vs.  flexible  bronchoscopy,  237 
sources  of  hemorrhage,  234-236 
systemic  treatments  for,  238 
Hemorrhage,  238 

active  vs.  non-active,  237 

acute  coagulopathy,  620-622 

intracerebral  ( see  Intracerebral  hemorrhage  (ICH)) 

intraretinal,  648 

sources  of,  234-236 

stable  vs.  unstable,  237 

variceal  ( see  Variceal  hemorrhage) 

Hemorrhagic  shock 

antifibrinolytics,  42-43 
coagulopathy  and,  41-42 
crystalloid  administration,  42 
damage  control  surgery,  41 
expedite  anatomic  control  of  bleeding,  41 
hemostatic  resuscitation,  46 
invasive  non-surgical  hemorrhage  control,  45-46 
ionized  calcium  repletion,  44-45 
massive  transfusion  protocol,  44 
permissive  hypotension,  41 
point-of-care  monitor,  45 
transfusion  therapy,  43 
vasopressors,  46 
Hemorrhoids,  563 
Hemostasis,  535,  536 
interventions,  536-537 
Hemostatic  resuscitation,  41,  46 
Hemothorax,  658,  660-661 
Heparin.  See  Unfractionated  heparin  (UFH) 

Hepatic  encephalopathy,  556 
Hepatic  injury 

angioembolization  of,  668 
blunt,  668,  669 

Hepatic  steatosis,  asymptomatic,  591 
Hepatic  support  system,  559 
Hepatitis,  590-593 

Hepatorenal  syndrome  (HRS),  384-385 
clinical  diagnosis  of,  585 
management,  599-600 
Hernia,  681,  682,  685 
Herpesviruses  (HSV),  635 

HHS.  See  Hyperosmolar  hyperglycemic  syndrome 
(HHS) 

HID  A  scan,  723 


High-flow  nasal  cannula  (HFNC),  50,  53-54,  268 
High  frequency  oscillatory  ventilation  (HFOV),  195 
HLH.  See  Hemophagocytic  lymphohistiocytosis  (HLH) 
HRS.  See  Hepatorenal  syndrome  (HRS) 

Human  leukocyte-associated  antigens  (HLA),  632-633 
HVS.  See  Hyperviscosity  syndrome  (HVS) 

Hydralazine,  hypertensive  crises,  138,  140 
Hydrocortisone,  435,  437 
Hyperbaric  oxygen  (HBO)  therapy,  716 
Hypercalcemia,  427 
Hypercapnia,  permissive,  208-209 
Hyperferritinemia,  627 
Hyperglycemia,  88,  443 
Hyperglycemic  crisis,  443 
Hyperinflation,  status  asthmaticus,  209-210 
Hyperkalemia,  398,  642,  643 
Hyperleukocytosis,  649 

Hyperosmolar  hyperglycemic  syndrome  (HHS) 
anticoagulation,  445 
case  study,  441-442 
diagnosis,  442-443 
vs.  DKA,  443 
electrolytes  correction 
magnesium,  444 
phosphate,  444 
potassium,  444 
sodium,  444 
fluid  therapy,  443 
insulin  therapy,  443-444 
type  of  IV  fluid,  444-445 
Hyperosmolar  therapy,  ICH,  330-331 
Hyperosmotic  agents,  330 
Hyperphosphatemia,  387,  398,  616,  642,  644,  645 
Hypertension,  332,  750,  751 
Hypertensive  crises 
case  study,  135-136 
diagnosis,  136-137 
physical  examination,  135 
secondary  causes,  141,  142 
treatment,  137 

beta  blockers,  142 
blood  pressure  control,  142 
drugs  and  clinical  scenarios,  139-141 
pharmacotherapy,  137-141 

Hyperthermia,  neuroleptic  malignant  syndrome,  347,  350 
Hypertonic  saline,  402,  407,  414 
ICH,  330,331 
Hypertriglyceridemia,  547 
Hyperviscosity  syndrome  (HVS) 
case  study,  647-648 
clinical  symptoms,  649,  650 
diagnosis,  649-650 

lack  of  procedural  standardization,  652 
management,  650-651 
pathophysiology,  648-649 
plasma  viscosity  measurement,  652 
Hypocalcaemia,  398,  643-644 
Hypoglycemia,  444,  505 
Hypoinsulinemia,  66 
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Hypokalemia,  444 
Hypomagnesaemia,  444 
Hyponatremia,  520 
acute  vs.  chronic,  407 
adrenal  deficiency,  407 
and  association  with  mortality,  407-408 
avoidance  of  overcorrection,  403-405 
bolus  therapy,  403 
case  study,  401-402,  413-414 
causes  of,  415 

correction  rate  monitoring,  415 
despite  suppressed  ADH,  406 
diagnosis,  402-403 
drugs  associated  with,  405 
evaluation,  414 
hypotonic,  402 
hypovolemic,  415 

with  increased  extracellular  volume/sodium,  406 
lasting  correction,  405 
novel  treatments,  416 
with  reduced  ECV/sodium,  405-406 
risk  stratification,  414 
serum  sodium  correction,  414-415 
treatment  algorithm,  403 
Hypotension 

ethylene  glycol  ingestion,  77 
tricyclic  antidepressant  toxicity  due  to,  60-61 
Hypothermia,  342,  536 
adjunctive  testing,  85-86 
anoxic  brain  injury,  365-366 
bacterial  meningitis,  323 
case  study,  83-84 
classification  and  staging,  85 
clinical  findings,  86 
core  afterdrop,  90 
diagnosis,  85 
disposition,  88 
endovascular  rewarming,  89 
extracorporeal  support,  89 
ICH,  332 

patient  monitoring,  85 
pediatric  patients,  88 
post-cardiac  arrest  management,  18 
re  warming,  86-87 

active  and  passive,  86 
in  cardiac  arrest,  89 
extracorporeal,  86-87 
TBI,  359 

transcutaneous  pacing,  89 
withholding  CPR,  88-89 
without  pulse,  87-88 

Hypothermic  targeted  temperature  management 
(HTTM),  14,  17-18,  20-21 
Hypothyroidism,  447,  449 
Hypotonic  fluids,  404 
Hypotonic  hyponatremia,  402 
Hypoventilation,  status  asthmaticus,  208-209 
Hypovolemia,  27,  414 
hyponatremia,  415 


Hypovolemic  shock 
albumin  role  in,  43 
IV  access,  40 

normal  saline  vs.  balanced  solutions,  43 
physiologic  reserve,  40-41 
pressors,  43 
resuscitation,  41 

volume  responsiveness  monitor,  41 
Hypoxemia,  499,  738 

Hypoxic-ischemic  encephalopathy,  365,  369 

I 

IABP.  See  Intra-aortic  balloon  pump  (IABP) 

Ideal  body  weight  (IBW),  calculation,  192 
Idiopathic  pneumonia  syndrome  (IPS),  636 
Idiopathic  pulmonary  fibrosis  (IPF) 
anticoagulation,  268 
anti-hbrotic  medications,  269-270 
case  study,  265-266 
corticosteroids,  267 
CT  scan,  267 

cyclophosphamide,  268-269 
cyclosporin  A,  269 
diagnosis,  267 

exacerbation  during  surgical  procedures,  267-268 
extracorporeal  life  support,  269 
high  flow  nasal  cannula,  268 
incidence  and  prognosis,  266 
noninvasive  ventilation,  268 
palliative  care,  267 
pulmonary  transplantation,  269 
restrictive  operative  fluid  balance,  269 
supportive  care,  267 
ventilator  settings,  268 
IE.  See  Infective  endocarditis  (IE) 

ILCOR.  See  International  Liaison  Committee  on 
Resuscitation  (ILCOR) 

ILD.  See  Interstitial  lung  disease  (ILD) 

Ileus,  hyperinfection  associated  with  paralytic,  483 
Immune  dysregulation,  629 
Immunocompromised  pneumonia 
antimicrobial  therapy,  217 
case  study,  215 
chest  X-ray,  216 
CT  scan,  216,  217 
diagnosis,  216-218 
empiric  treatment,  217 
etiology,  216 

noninvasive  ventilation,  219 
presentation,  215-216 
serologic  tests,  217 
serum  tests  for,  218-219 
supportive  care,  218 
utility  of  invasive  testing,  218 
Immunonutrition,  576 
Immunosuppressive  agents,  610,  611 
Impella,  98 
Impella  Device™,  22 
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Implantable  cardioverter  defibrillator  (ICD),  734 
Infectious  Diseases  Society  of  America  (IDSA), 
259-260,  262,  321 
Infective  endocarditis  (IE) 
antimicrobial  therapy,  174 
cardiac  device  related,  176 
case  study,  171-172 
diagnosis,  173-174 
epidemiology,  172-173 
follow-up  evaluation,  174 
indications  for  surgery,  174 
Modified  Duke  criteria,  173 
neuroimaging  in,  175 
non-emergent  surgery,  timing  of,  175 
septic  cerebral  embolic  stroke,  175 
valve  repair  vs.  replacement,  175-176 
Inferior  vena  cava  (I VC),  460,  461 
filter  placement,  229-230 

Inflammation  and  Host  Response  to  Injury  Project,  667 

Inflammatory  bowel  disease,  563 

Inhaled  nitric  oxide  (iNO),  292 

Inhibitors,  TNF  alpha,  762 

Inotropes 

cardiogenic  shock,  97 
therapy,  729 
Inotropes  agents,  291 

acute  heart  failure,  106-107 
Insulin-like  growth  factor  binding  protein- 1,  739 
Insulin  therapy 

calcium  channel  blocker  poisonings,  68 
diabetic  ketoacidosis,  421,  422 
HHS,  443-444 

Intensive  Blood  Pressure  Reduction  in  Acute 

Cerebral  Hemorrhage  Trial  2  (INTER ACT2), 
332 

Intensive  Care  Delirium  Screening  Checklist 
(ICDSC),  242 
Intensive  care  unit  (ICU) 

admission,  indications  for,  200 
code  status  and  ICU  patient,  775-776 
with  COPD  exacerbations,  200 
decision  making,  774 
life  support,  776-777 
decompensated  RV  failure  in,  287-292 
end  of  life  care,  775 
futility,  777-778 
hemoptysis,  234,  238 
life- sustaining  treatment  decisions,  777 
problems  with  DNR,  776 
prognostication,  774-775 
venous  thromboembolism  in 
case  study,  221-222 
clinical  presentation,  223-224 
diagnosis,  226 
epidemiology,  222-223 
evidence  contour,  228-230 
pulmonary  embolism  severity,  224-226 
risk  factors,  222 
treatment,  226-228 


International  Liaison  Committee  on  Resuscitation 
(ILCOR),  367,  368 
Interstitial  lung  disease  (ILD),  267 
Interventional  Radiology  (IR),  238 
Intra-abdominal  hypertension  (IAH),  688-689 
Intraabdominal  infections,  677,  679 
anti-infective  therapy,  676-677 
case  study,  673 
diagnosis,  673-674 

empiric  antimicrobial  therapy  for  health  care,  678 
laparoscopic  peritoneal  lavage,  677 
procalcitonin,  679 
resuscitation,  674-676 
source  control,  676 

treatment  of  extra-biliary  complicated,  677 
Intra-abdominal  pressure  (IAP),  687 
Intra-aortic  balloon  pump  (IABP),  98,  104 
myocardial  infarction,  127 
Intracerebral  hemorrhage  (ICH) 
acute  management,  328-330 
calculation,  329 
case  study,  327 
clinical  presentation,  328 
complications,  330 
CT,  328,  329 
diagnosis,  328 

hyperosmolar  therapy,  330-331 
hypertension  management,  332 
hypothermia,  332 
natural  history,  330 
score,  330-331 
seizure  prophylaxis,  331 
spot  sign,  328,  329 
Intra-compartmental  pressure,  688 
Intracranial  arterial  stenosis  (ICAS),  311-312 
Intracranial  hypertension,  in  ALF,  557 
Intracranial  pressure  (ICP),  46,  329-332,  403 
indication  of,  358 
management,  323 

traumatic  brain  injury,  358,  359,  367 
Intramural  hematomas  (IMH),  164,  167 
Intraparenchymal  hematoma,  358 
Intraretinal  hemorrhage,  648 
Intravenous  fluids,  AKI,  384-385,  387-389 
Intravenous  immunoglobulins  (IVIG),  762 
Intravenous  lipid  emulsions,  69-70 
Intravenous  vasodilators,  105 
Invasive  mechanical  ventilation  (IMV) 
indications  for,  201,  202 
status  asthmaticus,  208-209 
Iodinated  radiocontrast  agents,  429-430 
Ionized  calcium  repletion,  hemorrhagic  shock,  44-45 
IPF.  See  Idiopathic  pulmonary  fibrosis  (IPF) 

IPS.  See  Idiopathic  pneumonia  syndrome  (IPS) 
Ischemia.  See  also  Acute  arterial  ischemia 
acute  limb,  707 
bowel,  682 

post-cardiac  arrest  syndrome,  16 
Ischemic  colitis,  563 
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Ischemic-hypoxic  encephalopathy. 

See  Anoxic  brain  injury 
Isopropyl  alcohol,  80 
Itraconazole,  475 

IVIG.  See  Intravenous  immunoglobulins  (IVIG) 

J 

Jarisch-Herxheimer  reaction,  522 
Jaundice,  518 
Jugular  bulb  oximetry,  359 
Jugular  venous  distention  (JVD),  124 

K 

Kernig’s  signs,  318 
Ketogenic  diet,  336,  342 

Kidney  Disease  Improving  Global  Outcomes  (KDIGO), 
385,  387,  389 

Kidney  injury,  acute.  See  Acute  kidney  injury  (AKI) 

L 

Labetalol,  753 

hypertensive  crises,  137,  140 
Laboratory  risk  indicator  for  necrotizing  fasciitis 
(LRINEC),  715 
Lactated  Ringer’s,  388-389 
Lactic  acidosis 

from  beta  agonist,  211 
bicarbonate  infusion  in,  466 
Laparotomy,  689 

Large  bowel  obstruction  (LBO),  684-685 
LC.  See  Lung  contusion  (LC) 

L-Carnitine,  430 

Left  ventricular  assist  devices  (LVADs),  100 
Left  ventricular  failure  (LVF),  25,  122,  123,  125,  266 
Left  ventricular  function,  731,  734 
Left  ventricular  thrombus,  729,  731,  732 
Leptospirosis,  514,  517 

antibiotic  administration,  521-522 
case  study,  517-518 
clinical  presentation,  520 
corticosteroids  role,  522-523 
diagnostic  tools 
culture,  522 
molecular  tests,  522 
reference  standard,  522 
serology,  522 
differential  diagnosis,  521 
drug  resistance,  522 
epidemiology,  5 1 8-5 1 9 
laboratory  presentation,  520-521 
microbiology,  519-520 
prevention,  523 
risk  factors,  519 
Leucopenia,  513 
Leukapheresis,  in  AML,  652 
Leukocyte  larceny,  65 1 


Leukostasis,  649 

LGIB.  See  Lower  gastrointestinal  bleeding  (LGIB) 
Lidocaine 

arrhythmias,  62 

ventricular  arrhythmias,  158-159 
Life-threatening  asthma,  207,  211 
Limb  ischemia,  acute,  707 
Linezolid,  181,  184-186 
Lipase,  546 

Lipid,  in  tube  feeds,  577-578 

LIPS.  See  Lung  injury  prediction  score  (LIPS) 

Listeria  monocytogenes,  318,  319,  584,  585 

Liver  failure,  acute.  See  Acute  liver  failure  (ALF) 

Fiver  injury  scale,  668 

Fiver  transplantation,  559 

Fong-term  acute  care  hospital  (FTAC),  252,  254 

Foop  diuretics,  385 

Fower  extremity  trauma,  708,  710 

vascular,  endovascular  treatment  approach, 
710-711 

Fower  gastrointestinal  bleeding  (FGIB),  528-530 
appropriate  patient  disposition,  564 
blood  transfusion  goals,  566 
case  study,  561-562 
definition,  562 

diagnostic  imaging  modalities,  567 

differential  diagnosis,  563 

initial  evaluation,  562-563 

initial  resuscitation  and  management,  563-564 

management,  565 

massive  transfusions,  566-567 

mesenteric  angiography,  565-566 

nasogastric  tube  lavage,  564 

predicting  severity  and  outcomes  of,  566 

provocation  testing,  567 

surgery,  566 

urgent  colonoscopy,  564-565 
Fow  molecular  weight  heparin  (FMWH), 

116,  222-223,  227,  622-623,  670 
FTAC.  See  Fong-term  acute  care  hospital  (FTAC) 
Fumbar  puncture  (FP),  317-319 
Fung  contusion  (FC),  659-660 
Fung  injury  prediction  score  (FIPS),  190,  191 
Fung  Open  Ventilation  Study  (FOVS),  192 
Fung  protective  ventilation  (FPV),  ARDS,  189-192 
Fymphopenia,  513 

M 

Maculopapular  rash,  514 
Magnesium 

status  asthmaticus,  211 
for  ventricular  arrhythmias,  62 
Magnesium  sulfate  therapy,  750-753 
Magnetic  resonance  imaging  (MRI) 
acute  aortic  syndromes,  166 
anoxic  brain  injury,  364,  369 
pituitary  and  hypothalamus,  438 
status  epilepticus,  337 
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MAHA.  See  Microangiopathic  hemolytic  anemia 
(MAHA) 

Malaria 

anemia  and  coagulopathy,  504-505 
antigen  rapid  detection  test,  506 
bacterial  infection,  506 
blood  products,  505 
case  study,  495 
cerebral,  504 

clinical  management  principles,  497-499 

definition,  496 

diagnosis,  496-497 

diagnostic  modalities,  506 

exchange  transfusion,  507 

fever,  505-506 

hypoglycemia,  505 

management,  principles,  495-496 

molecular  methods,  507 

monitoring  parasite  density,  499 

neurologic  involvement,  504 

nutrition,  505 

quantitative  huffy  coat,  506 
respiratory  system,  499 
retina  in  patient  with,  499 
seizure  management,  504 
serology,  506 
treatment,  500-503 
volume  management,  505 
Malignant  hyperthermia  (MH),  347,  350,  351 
Mannitol,  330,  356 
Massive  hemoptysis.  See  Hemoptysis 
Massive  transfusion  protocol,  hemorrhagic  shock,  44 
MAT.  See  Microscopic  agglutination  test  (MAT) 
MATCH  trial,  AIS,  312 

MDCT.  See  Multidetector  Computed  Tomography 
(MDCT) 

Mechanical  chest  compressions,  7-9 
Mechanical  circulatory  support,  731,  734 
acute  heart  failure,  106 
cardiogenic  shock,  99-101 
percutaneous,  97-98 
temporary  surgical,  98-99 
ventricular  arrhythmias 
ECMO,  159-160 
IABP,  159 

Mechanical  intubation,  IPF,  268 
Mechanical  ventilation 
ARDS,  274 

prolonged  ( see  Prolonged  mechanical  ventilation 
(PMV)) 

TBI,  356-357 
weaning  from,  273-279 
Medical  paternalism,  774 
Medication-induced  movement  disorder,  348-349 
MELD  score,  592 
Meningococcemia,  322-323 
Mental  health,  282,  489 
Mesenteric  angiography,  562,  565-566 
Metabolic  acidosis,  420,  466,  536 
Methanol,  ethylene  glycol  ingestion,  79-80 


Methicillin-resistant  Staphylococcus  aureus  (MRS A), 
184-185 

community-acquired,  186 
drugs  to  suppress  toxin  with,  186 
Methicillin- sensitive  Staphylococcus  aureus,  258 
Methimazole,  428 

Methylene  blue,  calcium  channel  blocker  poisonings,  70 
Michigan  alcohol  withdrawal  severity  (MAWS)  scoring 
system,  596 

Microangiopathic  hemolytic  anemia  (MAHA),  605,  606, 
608,  619 

Microdialysis,  cerebral,  359 

Micronutrient  goals,  577 

Microscopic  agglutination  test  (MAT),  517,  522 

Microscopic  polyangiitis  (MPA),  296,  298 

Microvascular  thrombosis,  607 

Mitral  valve  repair,  175 

Modification  of  Diet  in  Renal  Disease  (MDRD)  formula, 
378 

Modified  Rankin  score,  33,  308 

Montreal  Cognitive  Assessment  (MoCA),  282 

Morphine,  ACS,  114 

MPA.  See  Microscopic  polyangiitis  (MPA) 

MRI  with  diffusion- weighted  imaging  (MRI-DWI), 
304-305 

Mud  fever.  See  Leptospirosis 

Multidetector  Computed  Tomography  (MDCT),  237,  238 
Multidrug  resistant  (MDR) 

community  acquired  pneumonia,  185 
pathogens,  257,  258,  260 
risk  factors,  258 
VAP,  258 

Multivessel  revascularization,  cardiogenic  shock,  99 

Muscle  biopsy,  396 

Muscle  damage,  398 

Muscle  injury,  395,  398 

Muscular  rigidity,  NMS,  350-351 

Mycoplasma  pneumonia,  760 

Myelinolysis,  415 

Myocardial  dysfunction,  in  post-cardiac  arrest  syndrome, 
15-16 

Myocardial  infarction 
case  study,  121-122 
diagnosis,  123-125 
epidemiology,  123 
intra-aortic  balloon  pump,  127 
Killip  Class  definition,  122,  123 
LV  failure,  125 

mechanical  complications,  125-126 
VSR,  126 

Myocarditis,  viral,  730 
Myoglobin,  395 
Myxedema  coma  (myxedema) 
case  study,  447-448 
corticosteroid  replacement,  449 
diagnosis,  448-449 
supportive  care,  449-450 
symptoms  and  signs,  449 
thyroid  hormone  replacement,  450 
thyroxine  replacement,  449 
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N 

Nanukayami  fever.  See  Leptospirosis 
National  Acute  Brain  Injury  Study:  Hypothermia  II,  332 
National  Health  Safety  Network,  261 
National  Institutes  of  Health  Stroke  Scale  (NIHSS) 
score,  303-307 

NCSE.  See  Non-convulsive  status  epilepticus  (NCSE) 
Necrosis,  682 

pancreatic,  677,  679 
Necrotizing  fasciitis,  715 
Necrotizing  soft  tissue  infection  (NSTI) 
antibiotic  therapy  and  resuscitation,  715 
case  study,  713-714 
debridement,  714,  715 
diagnosis  and  outcome,  715-716 
early  amputation,  716 
hyperbaric  oxygen  therapy,  716 
immunomodulatory  therapy,  716 
rapid  diagnosis,  714-715 
surgical  source  control,  715 
Negative  pressure  therapy  (NPT),  690 
Negative  pressure  ventilation  (NIV) 
altered  mental  status,  53 
ARDS,  52-53 
asthma  exacerbation,  52 
full  face  mask,  50 
hi-flow  nasal  cannula,  50 
indications  and  contraindications,  5 1 
pneumonia  patients,  52 
predictors  of  failure,  51-52 
Neisseria  meningitidis,  318-319,  322,  324 
Nephrostomy,  453,  456 
Nesiritide,  acute  heart  failure,  107-108 
Neurocritical  Care  Society  (NCS),  335 
Neurointensive  care,  336 
Neuroleptic  malignant  syndrome  (NMS) 
altered  mental  status,  350 
autonomic  dysfunction,  351 
benzodiazepines,  351 
bromocriptine,  345,  352 
case  study,  345-346 
dantrolene,  345,  351-352 
diagnosis,  346-347 
differential  diagnosis  for,  348-349 
ECT,  345,  352 
hyperthermia,  350 

medication  history  and  temporal  clues,  347 
muscular  rigidity,  350-351 
Neurologic  outcome,  366-369,  506 
Neuromuscular  blockade,  ARDS,  194-195 
Neuromuscular  diseases,  746 
Neuromuscular  paralysis,  TBI,  357 
Neuroprognostication,  368,  369 

post-cardiac  arrest  syndrome,  18-19 
Neuroprotective  agents,  TBI,  360 
Nicardipine,  hypertensive  crises,  138,  139 
NICE-SUGAR  trial,  463 
Nifedipine,  753 

NIPPV.  See  Noninvasive  positive  pressure  ventilation 
(NIPPY) 


Nitrates,  ACS,  114 
Nitroglycerin 

acute  heart  failure,  105 
hypertensive  crises,  138,  139 
NMS.  See  Neuroleptic  malignant  syndrome  (NMS) 
Non-cardiogenic  acute  pulmonary  edema,  744 
Non-convulsive  status  epilepticus  (NCSE),  335-337, 
340,  341,  366,  367,  369 
Non-dihydropyridines,  65 
Non-Hodgkin’s  lymphoma,  642 
Noninvasive  mechanical  ventilation,  202 
Noninvasive  positive  pressure  ventilation  (NIPPV),  199, 
201-202,  268 
after  extubation,  202 
DNI  orders,  202 

immunocompromised  pneumonia,  218,  219 
status  asthmaticus,  211-212 
Non-neutrocytic  bacterascites,  586 
Nonoperative  management  (NOM),  667-668 
Nonselective  beta  blockers  (NSBB),  585 
Non-steroidal  anti-inflammatory  drugs  (NSAIDs),  114, 
350,  760 

Non-ST  segment  elevation  ACS  (NSTE-ACS),  115, 
117-118 

Non-ST  segment  elevation  MI  (NSTEMI),  112,  114,  116 
Norepinephrine,  461,  555 

decompensated  RV  failure,  291 
Normal  saline,  413 
Normoglycemia,  505 
Normothermia,  366,  368 
Novel  oral  anticoagulants  (NOAC),  309 
NSBB.  See  Nonselective  beta  blockers  (NSBB) 
NSTEMI.  See  Non-ST  segment  elevation  MI  (NSTEMI) 
NSTI.  See  Necrotizing  soft  tissue  infection  (NSTI) 
NT-pro  brain  natriuretic  peptide  (NT-proBNP),  732 
Nuchal  rigidity,  317,  318,  324 
Nutrition 
inAKI,  389 

in  critically  Ill  patient,  575-578 

O 

Obesity,  578 

Obstructive  shock,  28 

Obstructive  sleep  apnea,  in  pregnancy,  745 

OD.  See  Osmotic  demyelination  (OD) 

ODS.  See  Osmotic  demyelination  syndrome  (ODS) 

OHSS.  See  Ovarian  hyperstimulation  syndrome  (OHSS) 

Oliguria,  refractory,  753 

OMEGA  trial,  578 

Ommaya  reservoir,  323 

Open  lung  ventilation,  192 

Opiate,  439 

Organizing  pneumonia  (OP),  637 
Osmotic  demyelination  (OD),  401,  404,  407 
Osmotic  demyelination  syndrome  (ODS),  415 
outcomes,  416 
prevention,  416 

Osmotic  diuresis,  331,  420,  442 
Out-of-hospital  cardiac  arrests  (OHCA),  3 


798 


Index 


Ovarian  hyperstimulation  syndrome  (OHSS),  744 
Overwhelming  post-splenectomy  infection  (OPSI),  668 
Oxygenation,  ARDS,  191 
Oxygen  therapy,  ACS,  114 

P 

Palliative  care,  IPF,  267 
Pancreatic  necrosis,  677,  679 
Pancreatic  pseudocyst,  546 
Pancreatitis 

acute  (see  Acute  pancreatitis) 
alcoholic,  545,  547 
feeding  in,  548 
gallstone,  545,  547 

Panton- Valentine  leukocidin  (PVL),  186 
Papillary  muscle  rupture,  121,  123-125 
Paralytic  ileus,  hyperinfection  associated  with,  483 
Parapneumonic  effusions,  185 
Paraproteinemias,  649-65 1 
Parasitemia,  499 

Parenteral  nutrition  (PN),  576,  577 
CALORIES  Trial,  577 
Partial  thromboplastin  time  (PTT),  620,  622 
PASR  See  Pulmonary  artery  systolic  pressure  (PASP) 
Passy-Muir®  speaking  valve,  253,  254 
Pathogen-directed  therapy,  community  acquired 
pneumonia,  183-185 

PCC.  See  Prothrombin  complex  concentrate  (PCC) 
PDS.  See  Pericardial  decompression  syndrome  (PDS) 
PE.  See  Pulmonary  embolism  (PE) 

PEEP  See  Positive  end-expiratory  pressure  (PEEP) 
PEITHO  trial,  pulmonary  embolism,  221,  228 
Penetrating  aortic  ulcers  (PAU),  164,  165,  167 
Percutaneous  cholecystostomy,  724 
Percutaneous  coronary  intervention  (PCI),  14,  15,  118, 
119 

Percutaneous  dilational  tracheostomy,  252,  253 
Percutaneous  transhepatic  cholangiographic  (PTC) 
drainage,  722 

Perforated  diverticulitis,  674 
Pericardial  decompression  syndrome  (PDS),  133 
Pericardial  effusion,  129-133 
Pericardiocentesis,  133 
Peripartum  cardiomyopathy  (PPCM),  744 
anticoagulation,  734 
anti-inflammatory  mediators,  735 
case  study,  729-731 
chronic  medical  therapy,  734 
delivery,  734-735 
diagnosis,  732 
immunotherapy,  735 

implantable  cardioverter  defibrillator,  734 
maternal  risk  factors  and  adverse  events  in,  731 
mechanical  support,  734 
pharmacologic  therapy  in,  733 
postpartum  supportive  care,  735 
symptoms,  730-731 

Peripheral  intravenous  (PIV)  catheters,  564 


Permissive  hypercapnia,  208-209 
Personal  protective  equipment  (PPE),  485-490 
PESI.  See  Pulmonary  Embolism  Severity  Index  (PESI) 
Petechiae,  510,  605 
Phenobarbital,  768 

Phentolamine,  hypertensive  crises,  140,  141 
Phosphate  binders,  in  TLS,  644 
Phosphodiesterase  5  (PDE5)  inhibitors,  292 
Physical  impairment,  PICS,  282-284 
PICS-F.  See  Post-Intensive  Care  Syndrome-Family 
(PICS-F) 

Placental  abruption,  750 
Plain  radiographs,  hemoptysis,  236 
Plasmapheresis,  299,  651 
extracorporeal,  430 
Plasmodium  falciparum,  495-498 
Plateau  airway  pressure,  189,  192,  194 
Platelet  transfusion,  617 
Plethysmography  variation  index  (PVI),  29 
PMV.  See  Prolonged  mechanical  ventilation  (PMV) 
PN.  See  Parenteral  nutrition  (PN) 

Pneumonia 
bacterial,  745 
case  study,  215 
chest  X-ray,  216 

community  acquired  (see  Community  acquired 
pneumonia  (CAP)) 

CT  scan,  216,  217,  287 
diagnosis,  216-217 
empiric  treatment,  217 
etiology,  216 

immunocompromised,  215-219 
immunosuppressed,  216,  217,  219 
mycoplasma,  760 
negative  pressure  ventilation,  52 
noninvasive  ventilation,  219 
presentation,  215-216 
serum  tests  for,  218-219 
supportive  care,  218 
utility  of  invasive  testing,  218 
viral,  745 

Pneumonia  Severity  Index  (PSI),  182 
Pneumonitis,  635 
Pneumothorax,  658,  660 
in  pregnancy,  746 

Point-of-care  ultrasound,  RV  failure,  287,  289 
POINT  trial,  AIS,  312 
Polyenes,  475 

Polymerase  chain  reaction  (PCR),  Pneumocystis,  215 
Posaconazole,  475 

Positive  end-expiratory  pressure  (PEEP) 

ARDS,  189,  191-194 
IPF,  268 

RV  dysfunction,  290,  292 
Post-cardiac  arrest  syndrome  (PCAS) 
brain  injury,  15 
case  study,  13-14 

emergency  coronary  angiography,  19-20 
glucose  control,  18 
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hemodynamic  optimization,  16-17 

hypothermic  TTM,  17-18,  20-21 

myocardial  dysfunction,  15-16 

neuroprognostication,  18-19 

organ  donation,  19 

patient  selection,  19-21 

persistent  precipitating  pathology,  16 

with  refractory  cardiogenic  shock,  21-22 

seizures,  18 

STEMI  and  ACS,  17 

systemic  ischemia/reperfusion  response,  16 
ventilation  and  oxygenation,  17 
Post  exposure  prophylaxis,  324 
Post-intensive  care  syndrome  (PICS),  254,  638 
ABCDEF  bundle,  283-284 
case  study,  28 1 

cognitive  rehabilitation,  284-285 
diagnosis,  281-282 
ICU  follow  up  clinic,  284 
physical  impairment,  282-284 
prevention,  282 
rehabilitation,  282 

Post-Intensive  Care  Syndrome-Family  (PICS-F),  284 
Post-pyloric  feed,  577 
Post-traumatic  seizures,  358-359 
Post-traumatic  stress  disorder  (PTSD),  774 
PPE.  See  Personal  protective  equipment  (PPE) 

PPI.  See  Proton  pump  inhibitor  (PPI) 

Preeclampsia,  744 

antenatal  steroids  and  delivery,  752 
anti-hypertensive  therapy,  752-753 
diagnosis,  751-752 
invasive  monitoring,  753-754 
magnesium  sulfate  therapy,  753 
seizure  prophylaxis,  752 
treatment,  753 
Pregnancy,  730,  731 
airway  disease,  745 
bacterial  pneumonia,  745 
cystic  fibrosis,  746 

differential  diagnosis  of  pulmonary  conditions  in,  744 
neuromuscular  diseases  and  central  causes,  746 
obstructive  sleep  apnea  in,  745 
physiologic  respiratory  changes  in,  743-744 
pneumothorax  in,  746 
pulmonary  edema,  744 
pulmonary  embolism  in,  746 
pulmonary  infections  in,  745 
ventilation  strategies  in 
challenges,  746 
delivery  of  fetus,  747 
ECMO,  747 
goals  of  ventilation,  747 
mechanical  ventilation,  747 
non-invasive  ventilation,  747 
prone  ventilation,  747 
viral  pneumonia,  745 
Pressors,  hypovolemic  shock,  43 
Procalcitonin  (PCT),  186,  679 


Prokinetic  agents,  577 
Prolonged  mechanical  ventilation  (PMV) 
assess  expected  survival,  251-252 
case  study,  25 1 

daily  tracheostomy  collar  trials,  252 
diagnosis,  251 
early  mobility,  252 
place  tracheostomy,  252,  253 
Proventl4  score,  251,  252 
speaking  valve  trials,  253 
survivorship  clinics,  254-255 
symptom  burden,  254-255 
timing  of  tracheostomy,  253-254 
tracheostomy  removal,  253 
transfer  benefit  to  LTAC,  254 
weaning  from,  275 
Prone  ventilation,  ARDS,  192-193 
Prophylactic  dialysis,  389 
Prophylaxis 

antibiotics,  359-360 
post  exposure,  324 
seizure,  331,  752 
Propofol,  768 
Propranolol,  425,  426,  428 
Propylthiouracil  (PTU),  428 
PROTECT  trial,  pulmonary  embolism,  222-223 
Prothrombin  complex  concentrate  (PCC),  531 
Protocolized  Care  for  Early  Septic  Shock  (ProCESS) 
trial,  463,  466 

Proton  pump  inhibitor  (PPI),  529,  530,  540 
Pseudocyst,  pancreatic,  546 
Pseudomonas,  183,  184 

PTSD.  See  Post-traumatic  stress  disorder  (PTSD) 
Pulmonary  artery  catheterization  (PAC),  106,  291 
Pulmonary  artery  pressure,  288,  289,  291 
Pulmonary  artery  systolic  pressure  (PASP),  288-289 
Pulmonary  complications,  HCT  patient,  634-637 
Pulmonary  edema,  636,  744,  753 
cardiogenic,  738 
chest  x-ray,  163,  172 
non-cardiogenic  acute,  744 
pre-eclampsia  associated,  744 
tocolytic  induced,  744 
Pulmonary  embolism  (PE),  222 
clinical  presentation,  223-224 
diagnosis,  226 
Geneva  Score,  223-224 
hemodynamically  stable,  228-229 
I  VC  filter  placement,  229-230 
in  PEITHO  trial,  221,  228 
in  pregnancy,  746 
in  PROTECT  trial,  222-223 
severity,  224-226 
treatment,  226-228 
Wells  criteria,  223-224 

Pulmonary  Embolism  Severity  Index  (PESI),  225-226 
Pulmonary  hypertension,  288-289,  292 
Pulmonary  infections,  in  pregnancy,  745 
Pulmonary  transplantation,  IPF,  269 
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Pulmonary  vascular  resistance  (PVR),  290 
Pulmonary  vasculature,  289 
Pulseless  electrical  activity  (PEA),  6-7 
Pulse  pressure  variation  (PPV),  29,  289 
Pulsus  paradoxus,  124,  129,  131 
Purpura,  605 

Purpura  fulminans,  322,  622 

P2Y 12  receptor  inhibitors,  ACS,  116,  119 

Pyuria,  454 

Q 

Quality  of  Dying  and  Death  (QODD)  questionnaire,  775 
Quantitative  buffy  coat  (QBC),  506 
Quick  Sepsis  Organ  Failure  Assessment  Score  (qSOFA), 
459 


R 

Radiocontrast  agents,  iodinated,  429-430 
Radiofrequency  catheter  ablation,  ventricular 
arrhythmias,  160 

Randomized  controlled  trial  (RCT) 

acute  exacerbation  of  COPD,  200,  201 
AKI,  388 
diuretics,  385 

status  epilepticus,  337,  339 
VAP,  260 

Rapid  detection  test  (RDT),  antigen,  506 

Rasburicase,  643 

Rash 

maculopapular,  514 
petechial,  510 

RASS.  See  Richmond  Agitation-Sedation  Scale 
(RASS) 

RCT.  See  Randomized  controlled  trial  (RCT) 
Recombinant  Factor  VII,  299 
Recombinant  Factor  Vila  (rFVIIa),  618 
to  correct  coagulopathy,  558 
infusion  protocol,  557 

Recombinant  human  factor  Vila  (rVIIa),  740 
Recurrent  bleeding,  hemoptysis,  238-239 
Refractory  cardiogenic  shock,  PC  AS,  21-22 
Refractory  oliguria,  753 
Refractory  status  epilepticus  (RSE),  338-341 
Rehabilitation,  PICS,  282,  284-285 
Relative  adrenal  insufficiency,  435 
Renal-dose  dopamine,  108 

Renal  failure,  295,  296.  See  also  Acute  renal  failure 
(ARF) 

in  rhabdomyolysis,  395,  396,  398 
Renal  replacement  therapy  (RRT),  387,  388,  390,  399, 
492, 644-645 

Renin-angiotensin-aldosterone  system  (RAAS),  406 
Reperfusion  therapy,  228-229,  399 
Respiratory  failure 
acute,  694,  695,  698 
causes  of,  746 

in  HCT  patient,  634,  637-638 


Resuscitation 

cardiac  arrest  management,  5-6 
hemodynamic  directed,  9 
quality  assurance,  4,  7 
ECPR,  84 

for  hemorrhagic  shock,  41,  46 
hypovolemic  shock,  41 

Return  of  spontaneous  circulation  (ROSC),  13,  363,  364 
Revascularization,  cardiogenic  shock,  96-97 
Rewarming,  for  hypothermia,  86-87 
active  and  passive,  86 
in  cardiac  arrest,  89 
extracorporeal,  86-87 
Rhabdomyolysis 
antioxidants,  399 
bicarbonate  therapy,  398 
case  study,  393-395 
causes  of,  396-397 
complications,  management,  398 
diagnosis,  395-396 
diuretics,  398-399 
fluid  therapy,  396,  398 
free  radical  scavengers,  399 
management,  principles,  395 
mannitol,  398-399 
renal  failure  in,  395,  396,  398 
in  skeletal  muscle,  395 
Rice-held  fever.  See  Feptospirosis 
Richmond  Agitation-Sedation  Scale  (RASS),  241-243 
Richmond  Agitation  Severity  Scale  (RASS),  765 
Rickettsial  disease,  521 

Right  ventricular  failure,  decompensation,  287-292 
Rigid  bronchoscopy,  237 
Rituximab,  611 

diffuse  alveolar  hemorrhage,  299 
Rivaroxaban,  532 
Rockall  score,  528 

RRT.  See  Renal  replacement  therapy  (RRT) 

RSE.  See  Refractory  status  epilepticus  (RSE) 
Rumack-Matthew  nomogram,  553 

S 

Saline  vs.  Albumin  Fluid  Evaluation  (SAFE)  trial,  460 

Salivary  cortisol  testing,  438 

SAS.  See  Sedation- Agitation  Scale  (SAS) 

SATs.  See  Spontaneous  awakening  trials  (SATs) 

SBO.  See  Small  bowel  obstruction  (SBO) 

SBP.  See  Spontaneous  bacterial  peritonitis  (SBP) 

Scar  management,  705 

SCCM.  See  Society  of  Critical  Care  Medicine  (SCCM) 

Sclerotherapy,  537 

Sclerotic  skin  lesion,  633 

Scrub  typhus,  521 

SE.  See  Status  epilepticus  (SE) 

Secondary  bacterial  peritonitis,  582,  583 
Sedation 

anoxic  brain  injury,  363,  365,  366 
benzodiazepines  with,  245-246 
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case  study,  241-242 
choice,  244-246 
and  delirium,  246-247 
monitoring,  242 

spontaneous  awakening  trials,  246 
TBI,  357 

Sedation- Agitation  Scale  (SAS),  242,  243 
Seizure  management,  767 
eclamptic,  752 
malaria,  504 
PC  AS,  18 

post-traumatic,  358-359 
prophylaxis,  331,  752 
TC  A  toxicity,  61 

Sengstaken-Blakemore  tube,  540,  541 
Sepsis,  193,  453-455.  See  also  Urosepsis 
AKI,  383,  384,  388 
antimicrobial  therapy,  462 
case  study,  457-458 
definition  and  recognition,  458-459 
EGDT,  463 

fluid  management,  459-460 
glycemic  control  and  nutrition,  463 
hemodynamic  response,  460-461 
sequella  after  surviving  severe,  467 
SIRS  criteria  in,  466 

surviving  sepsis  campaign  bundle,  459,  464 
treatment,  462,  464-465 
ventilator  management,  463 
Septic  shock,  714-716 

antimicrobial  therapy,  462 
blood  pressure  target  in,  466 
case  study,  457-458 
definition  and  recognition,  458-459 
EGDT,  463 

fluid  management,  459-460 
fluid  resuscitation  in,  466 
glycemic  control  and  nutrition,  463 
heart  rate  control  in,  466-467 
sequella  after  surviving  severe,  467 
steroid  replacement  in,  438 
tissue  perfusion,  461 
treatment,  462,  464-465 
vasopressors,  461-462 
ventilator  management,  463 
Serotonin  syndrome  (SS),  347,  350 
Serum  cortisol  measurement,  435 
Serum  creatinine,  376-379 
Serum  myoglobin,  395 
SFA.  See  Superficial  femoral  artery  (SFA) 

Shared  decision  making,  774,  775 
SHEA.  See  Society  for  Healthcare  Epidemiology  of 
America  (SHEA) 

Shivering,  363,  365,  366 
Shock,  510,  511 

bedside  echocardiography,  25-26,  32-36 
cardiogenic,  26,  28-29 
case  study,  25-26 
definition,  26 


differential  diagnosis,  25 
distributive,  26,  28 
hypovolemia,  27 
types,  26-29,  36 

volume  responsiveness  assessment,  29-32 
Short  acting  anti- cholinergic  agents,  200 
SIADH.  See  Syndrome  of  inappropriate  antidiuretic 
hormone  activity  (SIADH) 

SIRS.  See  Systemic  inflammatory  response  syndrome 
(SIRS) 

Site-of-care  decisions,  CAP,  181-182 
SJS.  See  Stevens- Johnson  syndrome  (SJS) 

Skeletal  muscle,  rhabdomyolysis  in,  395 

Skin  eruption,  759-762 

Skin  mottling,  460,  461 

SLE.  See  Systemic  lupus  erythematosus  (SLE) 

Sleep  apnea,  in  pregnancy,  745 
Small  bowel  obstruction  (SBO) 
acute,  685 

CT  imaging  findings,  685 
management,  684-685 
standard  approach  to  management,  682 
timing  of  operating  for,  684 
Society  for  Healthcare  Epidemiology  of  America 
(SHEA),  262 

Society  of  Critical  Care  Medicine  (SCCM), 

242,  244,  247 

Sodium  bicarbonate,  calcium  channel  blocker 
poisonings,  70 

Sodium  nitroprusside,  hypertensive  crises, 

138,  139 

Solid  organ  injury,  blunt.  See  Blunt  solid  organ  injury 
Somatosensory  evoked  potentials  (SSEPs),  369 
SPA.  See  Splenic  artery  pseudoaneurysm  (SPA) 
Spleen  injury  scale,  667 
Splenectomy  vaccinations,  668 
Splenic  artery  pseudoaneurysm  (SPA),  669 
Splenic  injury,  blunt,  668,  669 
Split  thickness  skin  grafts  (STSG),  691 
Spontaneous  awakening  trials  (SATs),  242,  246,  283 
Spontaneous  bacterial  peritonitis  (SBP) 
albumin,  585 

antibiotic  prophylaxis,  585-586 
antibiotics,  584-586 
case  study,  581-582 
diagnosis,  582-583 
duration  of  therapy,  586 
management,  584 
microbiologic  etiology,  583-584 
NSBB,  585 

patient  with  non-neutrocytic  bacterascites,  586 
treatment,  584 

Spontaneous  breathing  trial  (SBT), 

242,  273,  275,  277,  283 
Spot  sign,  328,  329 

SRSE.  See  Super-refractory  status  epilepticus 
(SRSE) 

SS.  See  Serotonin  syndrome  (SS) 

Statin  therapy,  ACS,  114-115 
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Status  asthmaticus 

adjuvant  pharmacologic  treatments,  211 
anesthetics,  212 

arterial  blood  gases,  monitoring  of,  208 

barotrauma,  recognizing,  210-211 

bronchoscopy,  212 

case  study,  206 

corticosteroids,  207 

ECLS,  212 

heliox,  211 

hyperinflation,  209-210 
hypoventilation,  208-209 
inhaled  bronchodilators,  207 
intravenous  bronchodilators,  211 
lactic  acidosis  from  beta  agonist,  211 
magnesium,  211 

noninvasive  positive  pressure  ventilation,  211-212 
permissive  hypercapnia,  208-209 
ventilator  strategies,  208 
Status  epilepticus  (SE),  340-341 
case  study,  335 
cerebrospinal  fluid,  337 
complications,  342 
diagnosis  of,  337 
EEG,  335-338,  341 
electroconvulsive  therapy,  342 
etiology,  337 

goals  of  treatment,  340-341 
medical  management,  339 
medications,  338 
multidisciplinary  care,  339 
non-con vulsive,  341 
pharmacologic  therapy,  337-338 
refractory,  338-339 
second- line  therapy,  337 
systemic  complication,  340 
treatment  options  in,  341-342 
STE-ACS.  See  ST-segment  elevation  ACS  (STE-ACS) 
STEM!  See  ST-segment  elevation  myocardial  infarction 
(STEMI) 

Stent-retriever  device,  304,  306,  311 
Steroid  replacement 

additional  testing,  437-438 
concurrent  fluid  management,  437 
dose  and  duration,  436-437 
in  septic  shock,  438 
steroid  selection,  436 
Steroids 

bacterial  meningitis,  320-321 
TBI,  360 

Stevens-Johnson  syndrome  (SJS),  759-761 
cyclosporine,  762 
pathogenesis,  761 
supportive  care,  761-762 
thalidomide,  762 
STOPAH  trial,  599 
Streptococcus  pneumonia,  317-319 
Strokes.  See  also  Acute  stroke  management 
rehabilitation  in,  3 1 0-3 1 1 
“wake-up,”  309 


Stroke  volume  (SV),  29,  30 
Stroke  volume  variation  (SVV),  29,  289 
Strongyloides  hyperinfection  syndrome 
anti-parasitics,  482-483 
case  study,  479-480 
diagnosis,  482 

disseminated  infection  and  hyperinfection,  482 
epidemiology,  48 1 

hyperinfection  associated  with  paralytic 
ileus,  483 

life  cycle,  481-482 
management,  principles,  480 
severe  infections,  483 
supportive  care  and  follow  up,  483 
Strongyloides  stercoralis,  481 
ST-segment  elevation  ACS  (STE-ACS), 

111, 112 

ST-segment  elevation  myocardial  infarction 
(STEMI),  116,  117 

complete  revascularization  in,  118-119 
fibrinolytic  regimens  for,  118 
manual  thrombectomy  during  primary 
PCI  in,  119 

PCI  after  successful  thrombolysis  in,  118 
post-cardiac  arrest  syndrome,  17 
STSG.  See  Split  thickness  skin  grafts  (STSG) 

Stuttgart  disease.  See  Leptospirosis 
Subdural  hematoma,  358 
Superficial  femoral  artery  (SFA),  708,  709 
Super-refractory  status  epilepticus  (SRSE), 

336,  338,  340-342 
Superselective  embolization,  565 
Supraventricular  tachycardias,  150 
Surgical  Trial  in  Intracerebral  Haemorrahage 
(STICH),  327 

Surrogate  decision  making,  774 
Swamp  fever.  See  Leptospirosis 
Swan-ganz  catheter,  104 
Swineherd’s  disease.  See  Leptospirosis 
Syndrome  of  inappropriate  antidiuretic  hormone 
activity  (SIADH),  406,  413 
causes  of,  415 
diagnostics,  416 

Systemic  inflammatory  response  syndrome  (SIRS), 
459,  625 

criteria  in  sepsis,  466 
Systemic  lupus  erythematosus  (SLE),  393 
Systolic  pressure  variation  (SPV),  462 

T 

TandemHeart®,  96-98 
Tandem  Heart  pump™,  21 

TAPSE.  See  Tricuspid  annular  plane  systolic  excursion 
(TAPSE) 

Targeted  temperature  management  (TTM), 

363-364,  366-368 

TBI.  See  Traumatic  brain  injury  (TBI) 

TBS  A.  See  Total  body  surface  area  (TBS  A) 

T-cell  function,  634 
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TEE.  See  Transesophageal  echocardiogram  (TEE) 
Therapeutic  hypothermia.  See  Hypothermia 
Therapeutic  plasma  exchange  (TPE),  606,  609,  610 
Thermal  injury,  702 
case  study,  701-702 
diagnosis,  703 
fluid  management,  704 
fluid  resuscitation  monitoring,  705 
scar  management,  705 
supportive  care,  705 
surgical  intervention,  704 
wound  care,  703-704 
Thionamides,  428 
Thoracic  pump  theory,  7 
Thoracic  trauma 

case  study,  657-658 
hemothorax,  658,  660-661 
lung  contusion,  659-660 
pneumothorax,  658,  660 
rib  fractures,  658-659,  661 
Thoratec  Device™,  21 
Thrombectomy 

endovascular,  306-308 
with  PCI,  119 

Thrombocytopenia,  513,  531,  605 
causes  of,  616 
differential  diagnosis,  608 
ecchymosis  from,  497 
Thrombocytosis,  650 
Thromboembolism,  prophylaxis,  611 
Thrombolysis 

catheter-directed,  227-228,  230 
contraindications  to,  229,  230 
in  hemodynamically  stable  acute  PE,  229 
hemodynamic  benefits,  228 
Thrombomodulin-a,  623 
Thrombosis,  microvascular,  607 
Thrombotic  microangiopathy,  drug-induced, 

611,612 

Thrombotic  thrombocytopenic  purpura  (TTP) 

ADAMTS13  activity  level  and  autoantibody  testing, 
606,  607 

anti-platelet  agents,  611 
case  study,  605-606 
diagnosis,  606-607 

drug-induced  thrombotic  microangiopathy,  611 
FFP,  609-612 

immunosuppressive  agents,  610,  611 
prevention,  611 
TPE,  609 

treatment  algorithm,  610 
venous  thromboembolism  prophylaxis,  611 
Thyroid  hormone,  426,  428,  430 
replacement,  450 

Thyroid  stimulating  hormone  (TSH),  425,  427 
Thyroid  storm,  426-427 
case  study,  425-426 
diagnosis,  427 

clinical  tools,  429 
criteria,  429 


etiology,  426 
incidence,  426 

iodinated  radiocontrast  agents,  429-430 
medication  dosing  guide,  427 
beta-blockers,  428 
glucocorticoids,  428 
iodine  solutions,  428 
thionamides,  428 
treatment,  427 
triggers  of,  426 
Thyroxine  replacement,  449 
Tight  glycemic  control,  AKI,  389 
Tissue  plasminogen  activator  (tPA),  221,  228 
acute  stroke  management,  305-306 
community  acquired  pneumonia,  1 85 
TKM-Ebola,  493 

TLS.  See  Tumor  lysis  syndrome  (TLS) 

TNF  alpha  inhibitors,  762 
Tocolytic  induced  pulmonary  edema,  744 
Total  body  irradiation  (TBI),  633 
Total  body  surface  area  (TBSA),  701-702 
Tourniquet  test,  511 

Toxic  epidermal  necrolysis  (TEN)  syndrome, 
759-761 

cyclosporine,  762 
intravenous  immunoglobulins,  762 
pathogenesis,  761 
supportive  care,  761-762 
systemic  corticosteroids,  762 
thalidomide,  762 
Toxic  shock  syndrome,  716 
tPA.  See  Tissue  plasminogen  activator  (tPA) 

TPE.  See  Therapeutic  plasma  exchange  (TPE) 
Tracheostomy 
collar  trials,  252 

Passy-Muir®  speaking  valve,  253,  254 
placement  of,  252,  253 
for  prolonged  transition,  278-279 
removal,  253 
timing  of,  253-254 

Trans-arterial  embolization  (TAE),  530 
Transcoronary  ethanol  ablation,  ventricular 
arrhythmias,  160 

Transesophageal  echocardiogram  (TEE),  226 
acute  aortic  syndromes,  164,  166 
endocarditis,  173-174 
myocardial  infarction,  122,  123,  125 
Transfusion  therapy,  hemorrhagic  shock,  43 
Transjugular  intrahepatic  portosystemic  shunt  (TIPS) 
placement,  536-538,  540 
Transpulmonary  pressure,  ARDS,  194 
Transthoracic  echocardiogram 
(TTE),  729 

acute  aortic  syndromes,  164,  166 
cardiac  tamponade,  130-132 
endocarditis,  172-174 
myocardial  infarction,  124 
PASP,  288-289 
Trauma,  396,  702 
vascular,  710 
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Traumatic  brain  injury  (TBI) 
analgesia,  357 
case  study,  355 

invasive  intracranial  pressure  monitoring,  358 
mechanical  ventilation,  356-357 
neuromonitoring,  359 
neuromuscular  paralysis,  357 
neuroprotective  agents,  360 
post-traumatic  seizures,  358-359 
prehospital  and  emergency  department,  356 
primary  and  secondary,  356 
prophylactic  antibiotics,  359-360 
sedation,  357 
severity  of,  356,  357 
steroids,  360 

surgical  treatment,  357-358 
therapeutic  hypothermia,  359 
Traumatic  cerebral  contusion,  358 
Triazoles,  474-475 

Tricuspid  annular  plane  systolic  excursion  (TAPSE), 
288-289 

Tricyclic  antidepressant  (TCA)  toxicity 
antiarrhythmic  drugs,  62 
case  studies,  57-58 
diagnosis,  58-59 
EKG  Ending,  59 
extracorporeal  elimination,  61 
gastrointestinal  decontamination,  59-60 
hypertonic  saline,  61-62 
hypotension  and  vasopressor  support,  60-61 
intravenous  lipid  emulsion,  61 
plasma  alkalinization,  60 
seizure  management,  61 
sodium  channel  blockade,  58 
Triiodothyronine  (T3),  450 
Trophic  feedings,  576 

TTP.  See  Thrombotic  thrombocytopenic  purpura  (TTP) 
Tumor  lysis  syndrome  (TLS) 
acute  renal  failure,  644 
with  AKI,  644 
case  study,  641 
clinical  classifications,  642 
clinical  outcomes,  644 
hypouricemic  agents,  643 
low  intensity  chemotherapy,  642 
monitoring,  643 
phosphate  binders  in,  644 
prevention  and  treatment,  642-643 
renal  replacement  therapy,  644-645 
risk  stratification  for  development  of  clinical,  642 
Type  A  dissections,  166,  168 
Type  B  dissections,  166,  170 

U 

UGIB.  See  Upper  gastrointestinal  bleed  (UGIB) 

Ultrafiltration  (UF),  107 

Ultrasound 

cardiac  arrest  management,  7 
hypertensive  crises,  135 


Undifferentiated  shock 

bedside  echocardiography,  25-26,  32-36 
case  study,  25-26 
types,  26-29,  36 

volume  responsiveness  assessment,  29-32 
Unfractionated  heparin  (UFH),  222-223,  227,  622-623 
Unstable  angina  (UA),  112,  114,  116 
Upper  gastrointestinal  bleed  (UGIB),  528-530 
Urea,  416 

Uremic  syndrome,  hemolytic,  606,  607 
Ureteral  stent,  454-456 
Uric  acid,  reduction  of,  643 
Urinary  alkalization,  642,  643 
Urinary  tract 

infection,  454,  455 
obstruction,  454 
Urine 

alkalinization  of,  79,  398 
output,  376-377 
Urosepsis 

case  study,  453 

diagnosis,  453-454 

empiric  anitbiotic  choice,  455 

empiric  antimicrobial  administration,  454 

indications  for  imaging,  455 

intervention  method,  455-456 

procedures/surgery,  454 

V 

VAE.  See  Ventilator  Associated  Event  (VAE) 

VALI.  See  Ventilator  associated  lung  injury  (VALI) 
VAP.  See  Ventilator- associated  pneumonia  (VAP) 
Vaptans,  416 

Variceal  bleeding,  590,  597,  598 
Variceal  hemorrhage 
acid  suppression,  540 
antibiotic  prophylaxis,  537-538 
balloon  tamponade,  540 
BRTO,  540-541 
case  study,  535-536 
correction  of  coagulopathy,  539 
endotracheal  intubation,  539-540 
hemostasis  interventions,  536-537 
initial  resuscitation,  536 
red  blood  cell  transfusion,  538-539 
surgery,  541 

TIPS  placement,  536-538,  540 
vasoactive  medications,  536 
vasoconstrictor  agents  for,  537 
Vascular  ectasias,  563 
Vascular  injury,  707,  710-711 
Vasculitides,  ANCA-ssociated,  298-299 
Vasoconstrictor,  agents  for  variceal  hemorrhage,  537 
Vasodilation 

acute  heart  failure,  105 
AKI,  389 
ARDS,  196 
Vasopressin,  536,  555 

Vasopressin  V2  receptor  antagonist  (vaptan),  416 


Index 


805 


Vasopressors,  461-462 
AKI,  384-385 

calcium  channel  blocker  poisonings,  68 
cardiogenic  shock,  97 
hemorrhagic  shock,  46 
tricyclic  antidepressant  toxicity,  60-61 
VATS.  See  Video-assisted  thoracoscopic  surgery  (VATS) 
Venoarterial  Extracorporeal  Membrane  Oxygenation  (v-a 
ECMO),  98 

Venous  thromboembolism  (VTE),  in  ICU 
case  study,  221-222 
clinical  presentation,  223-224 
diagnosis,  226 
epidemiology,  222-223 
evidence  contour,  228-230 
PROTECT  trial,  222-223 
pulmonary  embolism  severity,  224-226 
risk  factors,  222 
treatment,  226-228 

Venous  thromboembolism  (VTE)  prophylaxis,  611,  670 
Ventilator  Associated  Event  (VAE),  261 
Ventilator  associated  lung  injury  (VALI),  189,  194 
Ventilator-associated  pneumonia  (VAP),  576 
ATS/IDSA  guidelines,  258-260 
case  study,  257 

CDC  surveillance  definition,  261-262 

de-escalate  antimicrobial  therapy,  259 

diagnosis  and  treatment,  258 

duration  of  antimicrobial  therapy,  258-259 

invasive  vs.  nonin vasive  sampling  strategies,  259-260 

MRSA,  260 

multidrug  resistant  organisms,  258 
new  and  old  strategies  to  prevent,  262 
RCT,  260 

Ventricular  arrhythmias 
amiodarone,  157-158 
anti- arrhythmic  drug  therapy,  159 
beta  blockers,  157 

cardiac  sympathetic  denervation,  160 
case  study,  153-154 
diagnosis,  154-156 
digoxin  immune  fab,  159 
general  measures,  156-157 
lidocaine,  158-159 
mechanical  circulatory  support 
ECMO,  159-160 
IABP,  159 

radiofrequency  catheter  ablation,  160 
transcoronary  ethanol  ablation,  160 


Ventricular  assist  devices,  21-22 
Ventricular  septal  rupture  (VSR) 
percutaneous  closure,  126 
timing  of  surgery,  126 
Ventriculoperitoneal  (VP)  shunts,  323 
Ventriculostomy  catheter,  323,  358 
Video-assisted  thoracoscopic  surgery  (VATS),  185,  472, 
658, 660-661 

Viral  hemorrhagic  fever.  See  Ebola  virus  disease  (EVD) 
Viral  illness,  acute,  521 
Viral  myocarditis,  730 
Viral  pneumonia,  745 
Virchow’s  triad,  222 
Vitamin  D  supplementation,  193 
Volume  responsiveness 
dynamic  measures,  29 
end-expiratory  occlusion,  30 
hypovolemic  shock,  41 
passive  leg  raising,  31-32 
predictors  of,  3 1 
static  filling  pressure,  29 
Voriconazole,  474-475 
VSR.  See  Ventricular  septal  rupture  (VSR) 

W 

“Wake-up”  strokes,  309 
Waldenstroms  macrogloulinemia,  649 
Warfarin,  531 

Waterborne  fever.  See  Leptospirosis 
Watery  diarrhea,  569 
Weaning  from  mechanical  ventilation 
case  study,  273 
evidence  contour,  275-279 
management,  principles,  274-275 
pressure  support  vs.  T-tube,  278 
protocols,  275-277 
telemetry  monitoring,  274 
Weil’s  disease.  See  Leptospirosis 
Weil- Vasilyev  disease.  See  Leptospirosis 
Wells  criteria,  for  PE,  223-224 
Wemicke-Korsakoff  syndrome,  597 
World  Society  of  the  Abdominal  Compartment 
Syndrome  (WSACS),  688,  690,  691 

Z 

ZMapp,  493 
Zoonosis,  517 


